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DATA BABDLIHG SUBSISTS!! 

Subsystem Description . Hie data handling 
subsystem contains all the telemetry processing 
capability on the spacecraft . The subsystem 
processes analog, serial digital and bilevel 
telemetry data from the scientific instruments 
and spacecraft subsystems for transmission to 
earth. The subsystem provides timing, clock and 
status signals; data sampling and formatting; 
f': convolutional encoding; and biphase modulation 

^ for the spacecraft. A functional block diagram 

S) for the subsystem is presented in Figure 3 .5 .1-1 

(Appendix C) . 

The subsystem consists of eight (8) Data Input 
Sodoles (DIHs) , tvo (2) redundant PCH Encoders 
(PCBBs) , tvo (2) redundant Telemetry Processors 
(TPs). On the spacecraft equipment shelf, these 
units are arranged as shown in Figure 3. 5. 1-2. 

All the data handling subsystem units, except the 
DIHs, are connected to the switched loads bus. 

The DIHs receive secondary power from each PC8E. 
Each DIB is power strobed ON just prior to 
processing a teleaetry input, and upon 
completion, the DIB returns automatically to the 
standby mode. Discrete and quantitative commands 
are used to control the functions of all the 
subsystem units. Figure 3. 5. 1-3 shows the major 
cross-strapping between the elements of the 
subsystem . 

The data handling subsystem receives all 
telemetry data inputs through the eight (S, DIHs 
and multiplexes these inputs into a PCn/PS? 
square wave subcarrier that is sent to the 
spacecraft transmitters. Bach DIB is a 32- 
channel random access commutator with a single 
input control line and a single Pulse Amplitude 
Sodulated (PAH) output data line. The DIHs 
provide user-dedicated read envelopes and a 
common gated read clock to all users of serial 
digital teleaetry; and a 1 ailliaapere precision 
current pulse source of a nominal 294 
microseconds duration for users of resistive 
transducers (i.e., conditioned analog channels). 
The 1 milliampere precision current pulse source 
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is developed ia each PCHB and provided oa a 
single line to eac:> DIB. Analog data 
(conditioned or non-conditioned) is sampled, 
buffered and gated to the output data line as a 
single PAH pulse; serial digital data is gated to 
the output data line as 8-bit serial words; and 
bilevel data is saapled in parallel 8-bit bytes 
and also gated to the output data line as 8-bit 
serial words * The OH/OPP control of each 
individual DIB is through the PCB BHCODBB DIB 
COSTBOL quantitative c cm sand, i.e. f PCBQ1 for 
PCHE1 and PCBQ 2 for PCBB2. This coeaand is sent 
to the PCHE in the case of a failure where a DIB 
does uot automatically return to standby after 
being used to process a telemetry input. The 
OH /OFF status of each DIB is not telemetered 
because it can be determined f roc the sense of 
the telemetry data. The DIBs provide the 
stondardiied telemetry interface with all the 
scientific instruments and spacecraft subsystem 
users. 

The PCBE accepts the PAH analog and serial data 
from all the DIRs, processes and synchronizes the 
data and generates a non -return-to- zero-level 
pulse -code -sod ul a ted (BBZ-L/PCB) output bit 
stream to each TP. The PCBE perforrs an eight 
bit aaalog-to-digital (A/D) conversion on the 
analog data and regenerates the digital data. 
Information from the TP to select the telenetry 
data channel required by the selected telemetry 
format is relayed by the PCBE to the DIBs. Por 
routing to channels that require a conditioning 
current, the PCBE provides a precision 1 
millianpere current pulse source to each DIB. 

The PCflS receives a quantitative command to 
control the OB/OPP status of the DIBs, as 
mentioned above. Commanding a DIB OH enables the 
FCBB data input line and also enables the DIB to 
be power strobed OH via the control line. A 
discrete OB/OPP command is also received by the 
PCHE to control the power status of the unit, 
i.e., PCB EH CO DEB 1 OB/2 OP P (PCB 19 or PCB19) , 

PCB BHCODEB 2 OH/1 OPP (PCB29 or PCBB9 ) and PCB 
EBCODERS OPP (PCBIjT or PCHAp) . The telemetry 
OH/OPP status is provided by DPCH IS for PCBEl and 
DPCB2S for PCBE2. 
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The TP is the sain unit in the data handling 
suhsystea. The TP contains the aaster spacecraft 
clock that generates all the tiling signals 
required by the subsystea, the scientific 
instrnaents and other spacecraft subsyoteas. The 
TP provides the 24-bit spacecraft tiae code, 4096 
second clock, clock signals (i.e., 32,766 Bz and 
2048 Hz) , teleaetr y synchronization signals 
(i.e., aajor fraae rate, ainor fraae rate and 
teleaetry word rate) , and the bit rate status 
signals, i data ainor fraae consists of 64 
teleaetry words consisting of eight bits each 
(512 bits total) . There are 64 ainor fraaes in a 
aajor fraae. A subcoaautated foraat also 
consists of 64 teleaetry words, except that each 
word in the subcoazutated foraat appears on iy 
once iu a unique word position in the ainor 
fraae. Therefore, it takes one aajor fraae to 
cosplete a sabcoaautated foraat. The Bultiprobe 
spacecraft has assigned to it: 4 pre-prograaaed 
ainor fraae foraats, one (1) prograaaable ainor 
fraae foraat and three (3) pre-prograaaed 
subcoaautated foraats, as identified in Table 
3. 5. 1-1. The teleaetry data words required in 
these foraats are sequentially addressed by the 
TP and are sent froa the DIBs through the PCHE. 
The TP receives the teleaetry data by addressing 
the PCHE, and conditions it for transaission to 
the spacecraft cos sanitations subsystea. 

The data processing in the TP includes 
convolutionally encoded or uncoded data and 
biphase aodulation of the data onto the 16,384 Hz 
square wave subcarriar. The functions of the TPs 
are configured by the T2LBB8TB Y PHOCESSOH COHTHOl 
quantitative coaaand, i.e., 7PCQ1 for TP1 and 
TPCQ& for TP2. Binor fraae foraat word 3 gives 
the teleaetry status of the TPs. 
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TABLE 3. 5.1-1 

BOLTIPBOB2 TBLBS8T8T P08BAIS 


bJase-Isms. Esems&m: 

1. Bos Engineering 

2. Bus Entry 

3. ACS 

4. Cob Band flesory Readout 
Pre-Progra ma ed_ Subcoamjitated rorvats : 

1. SubcoB A 

2. Sabcos B 

3. SubcoB C 

22XE&& • 

“Prograenable" 


3.5J Pnit Description s . The following sections 

provide detailed descriptions of the units within 
the data handling subsystem. 

3. 5. 2.1 Data Innot Hodole . The DIB receives analog , 

serial digital and bilevel data froa the 
scientific instments and spacecraft subsystees 
and routes these data to the TP via the PCBB. 

The DIB receives control signals# the 1 
ailliaapere precision current poise source and 
power froa the PCBB. The DIB provides a read 
clock and read envelopes to users of serial 
digital data; and relays the precision current 
pulse source to users of conditioned analog and 
bilevel channels. The aain coaponents of the DIB 
are the anltiplexer# Banchesrtor decoder and 
control logic# read envelope and clock generator# 
and power control. In the following sections# 
these coaponents are described. 
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3 .5 .2. 1.1 Hultlplexer . The multiplexer receives the 32 
telemetry channel inputs from the users. Bach 
input is protected against damage from 
overvoltages as large as ♦50 volts and -30 volts. 
The multiplexer is implemented by using eight (8) 
4-channel input multiplexers which are controlled 
by tvo (2) 4-channel switches that each provide a 
one-out-of-f our decode. Current switches are 
also contained in the multiplexer that operate 
synchronously with the multiplexer input 
switches. The purpose of the current switches is 
to commutate the 1 milliamptre precision current 
pulse source into the selected multiplexer 
channel. Six (6) precision current pulse source 
inputs are provided, with each input allocated to 
a unique 4-channel input multiplexer. 

3. 5. 2. 1.2 panc he ster Decodes and .Control Logic . The 
Manchester decoder in the DIP receives a 10-bit 
Hanchester coded channel address word formatted 
by the PCPB. It decodes the address word and 
generates a two-phase bit clock and IBZ serial 
data. These signals are provided to the control 
logic. The control logic provides the proper 
coding to the multiplexer to select the desired 
channel by selecting the 4-channel multiplexer 
and channel within the multiplexer. Programming 
pins are used in the unit connector to choose the 
appropriate distribution of analog, serial 
digital and bilevel channels for the DIB. The 
control logic provides the read clock and read 
envelope outputs to the user's from the mode 
(i.e., programming) selected for the DIB and the 
channel address word. 

3. 5. 2. 1.3 Read Envelope and Clock Generator . The read 
envelope and clock generator circuit provides the 
control signals required for serial digital data 
transfer from the users. The circuit consists of 
a one-out -of -sixteen decoder matrix that 
generates the sixteen read envelope signals and a 
clock amplifier that provides buffering of the 
gated read clock signal from the control logic. 
The read envelope signals are generated in 
synchronization with the saapling of each 8-bit 
serial digital word. Up to sixteen serial data 
channels may be accommodated by wiring the data 
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line to the appropriate inpot channel (i.e., 
channels 0 through 15) . 

3. 5. 2. 1.4 Power Control . The DIB is turned on and off by a 
variable width poise on the control line iron the 
PCBE. Poises of 2 Billiseconds and 230 
■icr ©seconds will tarn the DIB OH and a 36- 
ailllsecond poise will torn OPF the DIB. The DIB 
is power-strobed as c weans of winiaizing power 
dissipation doring idle or non -interrogate tines. 
Power for the an it is provided by 05 volt ana 
-15 volt regulated outputs and gronnd fron the 
PCBE that are inputted to power switches. The 
power switches apply the ♦ 15 volts, -15 volts, 
and ground to the internal electronics when an 
address word is detected on the control line. 

When there are no further pulses on the control 
line, the Banchester decoder senses this and 
sends a signal to the power control circuitry to 
retorn the DIB to the standby condition. 

3. 5. 2. 2 PC S Encoder . The PCBE accepts PAB analog and 
digital data fron the DIB» and foraulates an 
8FZ-L/PCB (Bon-fietum to Zero level/Pnlse Code 
Hodulation) output data streaw to the TPs. The 
wain functional uuwponents of the PCBE are the 
aultiplexer, coaparator and A/D converter, 
Banchester decoder and associated logic, DIB 
decoder, and power supply. These functions are 
described in the following sections. 

3. 5. 2. 2.1 aultiplexer . The aoltiplexer receives the P AB 

data input fron each of the eight (B) DIBs along 
with a reference ground. The aultiplexer 
consists of a differential couautat.or that 
differentially multiplexes the PAB data and 
reference ground fron each DIB to the comparator. 
A distributor cowautates a precision 1.000 
williaapere ±0.5 percent reference current (294 
aicrosaconds) to the selected Dir; for signal 
conditioning of transducer resistive inputs. The 
precision current source is outputted froa the 
aultiplexer to each DIB on a dedicated line. 


3. 5. 2.2 .2 


Comparator and A/D Converter. The comparator 
consists of a unity gain differential amplifier 
followed by a precision voltage comparison 
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circuit. The output of the comparator goes to 
the A/D converter. The differential input froa 
the aultiplezer is converted into a single-ended 
signal by the differential aaplifier in the 
comparator. The treatment of the data, as analog 
or digital, is controlled by the A/D bit in a 20- 
bit instruction and address word supplied by the 
TP. Por analog inputs, the comparator compares 
the input signal to a known reference. The 
reference is provided by a digital -to- analog 
feedback circuit in the A/D converter consisting 
of a binary voltage weighted resistor ladder, 
switches and a precision -5.120 vdc reference 
supply. The output of the comparator is encoded 
into 8-bit digital words by the A/D converter 
which employs a successive approximation 
technique. To process digital data, the register 
and switches are forced to half scale for the 
entire word time so that the ladder is generating 
a constant +2.56 volt reference. Thus, the A/D 
converter functions as a fixed threshold defector 
for making one-xero decisions on the incoming 
digital data. 

3. 5. 2. 2. 3 Manchester Decoder and Associated Logic . The 

Banchester decoder receives a 20-bit instruction 
and address word froa the TP for three (3) times 
in succession. The decoder generates a coherent 
bit clock froa the incoming 20-bit words, that 
provides timing for the bit counter circuit. In 
addition, the coherent bit clock enables the 
serial transfer of the instr ction and address 
portion (minus 8-bit sync code) of the 20-bit 
word into a 12-bit shift register. The 11 
instruction and address bits (i_e., A/D bit, S 
DIB address bits and 5 channel address bits) of 
the 20-bit word constituting the first 
interrogate subcycle are parallel transferred 
into an 11-bit holding register by the 12th bil 
in the shift register. The 5-bit channel address 
is parallel transferred during the 2nd 
interrogate subcycle into the address generator 
where it is converted into a 10-bit word required, 
by the DIBs consisting of a 5— bit sync followed 
by the channel address. 
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3. 5. 2 .2. 4 PIH Decoder - The DIB decoder provides the 

channel iddress infoination to each DIB on a 
dedicated output. The DIB decoder circuit 
receives parallel DIB address bits fro® the 
holding register to select the DIB output line, 
the serial 10-bit channel address vord fma the 
address generator to select the DIB channel and 
power control coraands f row the power control 
circuit to torn on and off the DIBs. The OB/OPF 
control pulses to the DIBs go out on the saae 
lines as the 10-bit channel address vord. The 
power control circuit receives the PCS E0CODBB 
DIB C09TB0L quantitative coaaand (PCBQ1 for PCBE1 
and PCS Q2 for PCBE2) and provides a poise width 
nodulated technique to control the DIBs. Coaaand 
execution is synchronized to the beginning of the 
ainor fraae. 

3. 5. 2. 2. 5 Power Snppjy . iha PCHE has an internal power 
supply that operates froa the *20 volt switched 
loads bus and is cosaandable OH and OPP. A 
series regulator provides regulation of the input 
bus voltage and an electric conversion unit 5 BCD) 
generates all the secondary voltages required by 
the PCSB, including the power supplied to the 
DIBs. The PCBB power supplies are coa landed OH 
and OFF by three discrete conaands, i.e., PCM 

EH CO DEB 1 08/2 OPT (PCB 19 or PCBA9) . PCB BBCODEB 
2 08/1 OPP (PCB 2 9 or PCHB9) , and PCS EHCODEBS OPP 
(PCB Ip or PCBAP) . The OB/OPP status is provided 
to teleaetry as DPCB1S for PCBEl and DPCB2S for 
PCBE2. 

3.5 .2 .2. 6 internal Coaaanfl Response . The pcbb receives 
both quantitative and di' crete coaaands froa the 
COBs. The following sections describe the 
internal response of the PCBB to the different 
coaaands received. 

3 .5.2 .2.6 . 1 PCB EBCOPBR DIB, COR TSOI Quantitative Conaa nd. 

Power control for the DIBs is processed by the 
DIB poser control circuit in the PCflE. The 16- 
bit quantitative coaaand (i.e. f bits 25 through 
40 of the uplink coaaand fora at) (PCRQ1 for PCBB? 
or PCBQ2 for PCSE2) is stored in a 16-bit shift, 
register, and the verification pulse at the end 
of the quantitative coca and is ignored. Bach 
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pair of bits in a given cosonnd word contain the 
power OH/OF? iaforntioa for a DIB. Power 
control for the DIBs is iwplewented using a pulse 
width aodulation technique. Coaaand execution is 
synchronized to the beginning of a winor fra we by 
using the second negative transition of the winor 
frawe signal following receipt of a oonaand to 
trigger three ( 3 ) one- shots whose periods 
represent the power OS /OP? states of a DIB. The 
proper pulse is gated to the DIB address line as 
a function of the information contained in the 
cowwand word. 1 code of •01* or "11" will 
genoraie a 36-willisecond pulse which will turn a 
DJ.B QPF. ft code of °00* or ■10" will turn a DIB 
OH; a *00" code generates a 230 wicrosccond 
pulse, and a •10® code generates a 2 Billisecond 
pulse. 

3. 5. 2. 2- 6-2 PCS Encoder OH Discrete Cowwand . The PCH 

Encoder OB cowwand (i.e., PCH 19 or PCHA9 for 
PCHB 1; PCBE29 or PC3B9 for PCBB 2) is a discrete 
cowwand routed through an input buffer to the 
latch which controls the PCHE power. This 
coswand sets the latch; a voltage is fed back 
froE the regulator to keep the latch set and PCBB 
power OH. The OH cowwand to a PCHE 
simultaneously turns OP? the other PCHE. 

3. 5. 2. 2- 6. 3 PCB Encoder QPF Discrete Coaaand . The pch 

Encoder OF? cowwand (i-e., PCH Ip or PCHftJT) is a 
discrete cowwand routed to an input buffer and to 
the latch which controls the PCHE power. This 
cowwand will reset the latch and thus tarn PCHE 
power OFF. The Of? command tarns off both PCBEs 
at the saae time. 

3.5.2 .3 Telemetry Proceapyr . The TP controls all 

functions of the data handling subsysten. Tba TP 
requests telewetry data frow the DIBs through the 
PCBB, organizes the data into telewetry formats 
and transwita a FCfl/PSR sabcarrier to the 
spacecraft transwitters. All spacecraft tiling 
is derived frow the waster clock contained in tae 
TP. 

The major functional components of the TP are 
timing, input interface, output interface. 
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controller and power supply. In the following 
sections* each of these conponents are described. 

3. 5.2. 3.'’ Tinian . A 2*° (1*008,576) Hz crystal oscillator 
with a 50 ppn stability is provided in the TP as 
a tining reference for the scientific 
instrunents, spacecraft subsystems and TP. The 
crystal oscillator is osad as the frequency 
standard for the lining block. k coontdovn chain 
in the tining block prc Ides buffered 32,768 Hz, 
2048 Hs and nord rate siqnals to osers. 

The operating telemetry bit rate of the TP is 
selected by sending the TEIEBETBI PBOCSSSOB 
cohtbol quantitative connand (i~e. r TPCQl for TP1 
or TPCQl for TP2). Bits 29 through 32 of the 
uplink connand fornat are coded to select the 
desired b. : t rate, as defined in PC-455 
(Reference: Paragraph 1.5.1). This 4-bit code 

is sent to the tining block from the ~ontroller 
which receives it fro a the conaand in^ut logic 
(part of input interface) . 1 change to the bit 

rate is inplesented at the beginning of the next 
ainor frane following receipt of the quantitative 
connand. The timing block also transmits a 
signal twice the selected bit rate to the 
controller . 

The countdown chain provides a word rate start 
signal to the controller to start the processing 
of a teleaetry word. The controller completes 
the processing of one word in less than 3.9 
nilliseconds and goes into an idle state with the 
control logic strobed off to conserve power. The 
controller is reactivated by a new word rate 
start signal iron the tioing block. The 
teleaetry nord retrieved fron a DIB during the 
current processing cycle is transmitted during 
the next telemetry word time. 

The bit rate status signals (i.e., four (4) 
output signals giving the logic coding for the 
operating bit rate) are sent to the scientific 
in st ro a ant users from the tining block. 

3. 5. 2. 3. 2 input Interface . The Input interface component 

consists of tho command input logic block and the 


3.5-10 



Section So. 3*5.2 . 3 » 3 

Doc. Ho. PC-403 

Orig. Issue Date 5/22/78 
Revision So. 


% 


Bevision 


PCM input logic block. All input information is 
buffered through standard input buffers and all 
serial inputs ere stored in shift registers which 
are interrogated by the controller. 

The coaaand input logic block receives the 16-bit 
(i.e., bits 25 through 40 of the uplink coaaand 
format) TBLBHBTBI PROCESSOR C0HTB0L quantitative 
coaaand (TPCQ1 or TPCQA) fros the COB (j .e.» COR 
3 for TP1 and COB 4 for TP2) , and stores it in a 
shift register. After the coaaand has b£3n 
coapletely received by the TP, a flip-flop is set 
in the coaaand input logic block by the 
quantitative coaaand verification polne. Th« 
output of the flip-flop is sent to the 
controller. During internal word tise zero 
(i.e., first word of internal ainor frase to be 
transmitted in next teleaetry word tine as a TP 
output) , the controller senses the state of the 
flip-flop and transfers the contents of the shift 
register into the controller's Bandoa Access 
Heeory (BAB) . As a result, the coaaand sill be 
acted upon in the nest teleaetry word tise, which 
is the tiae of the first word of the ainor fraae 
outputted by the TP. If two (2) or aore 
quantitative cor sands are sent in the period of a 
aino- fraae, only the last transaitted coaaand 
will be processed at the beginning of the nezt 
ainor fraae. 

The PCH input logic block receives PCB data 
inputs fros whichever of the tvo (2) PCBEs is OB. 
The PCH interrogate j^glc block sends a teleaetry 
channel address to the PCHE and as a result, 8 
bits of data are transferred to the PCH input 
logic block. The returning data is clocked in 
using a 32,768 Hz clock generated within the PCB 
interrogate logic block. The input data is 
stored in a shift register in the PCE input logic 
block within one teleaetry word tiae slot, and is 
transferred to the data output logic block for 
output at the selected bit rate during the next 
telaetry word tiae slot. 

3. 5. 2. 3. 3 Output Interface . The output interface coaponent 
contains the PCB interrogate logic block, the 
data output logic block. All outputs are 
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buff erred through standard output buffers. The 
real tise outputs of the data output logic block 
to the transponders which are require to be 
teleaetry word rate synchronous, consist of a two 
(2) register pair located within the block. 

These are: 1} an internal register that is 
updated by tbs controller, and 2) an external 
register that receives the contents of the 
internal register by a synchronous transfer using 
the teleaetry word rate clock. 

Primary tiling and control of the PCBB is 
accoaplished by the Manchester coded (biphase) 
address and instruction format provided by the 
PCH interrogate logic block. The address and 
instruction format consists of a 20-bit word seat 
at 2 & * (65,536) bits per second. This 20-bit 
word contains an 8 -bit sync pattern plus 1 bit 
used to shift the remaining 11 bits into a 
holding register. The first data bit instructs 
the PCBB as to whether the requested telemetry 
data is analog or digital, the next five (5) data 
bits select the DIB that is to be interrogated 
and the last five (5) bits represent the channel 
address of the selected DIR. This 20-bit word is 
sent three (3) tines in order to provide the 
proper timing for the PCBE. 

The data output logic block is responsible for 
synchronizing the output data with the selected 
teleaetry bit and word rates. Data to be sent to 
the transponder io loaded into a tenporary 
internal shift register during the teleaetry word 
tic© slot it is received froa the PCBE . At the 
start, of the next teleaetry lord tiae slot, it is 
transferred into an external shift register which 
is serially clocked at the selected bit rate. 

The data say be oonvolutionally encoded, sent 
directly to the biphase modulator, or coBiandsd 
off by use of the coding within the TP C08TR0L 
quantitative command. When the data is 
convolutions 11 1 encoded,, the convolutional 
encoder is reset after the last bit of the third 
sync word (i.e., 24th bit of the winor frase) is 
shifted into the encoder- Data oof of the 
convolutional encoder is clocked it..o the biphase 
■odo la tor at 16,384 Hz 1c order to provide 
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coherence with the subcarrier. After the data is 
biphase nodulated, it is buffered to the 
spacecraft interface levels and sent to the 
transponder. The data output logic block also 
provides the 4096 second clock output to the 
conaand processor and the aajor and Binor fraae 
rate signals to the scientific instruaents and 
spacecraft 3nbsystess, as seen in Figure 3. 5. 1*1. 

3 .5. 2 .3. 4 Controller . The controller is the core of the 
TP. Teleaetry Binor fraae and subcoaantated 
foraafs and control signals are stored within 
Prograaaable Read Only Beaories (PROHs) contained 
in the controller^ The ticing, input interface 
and output interface functions are linked to the 
controller by a data bos over which data and 
control signals are sent. The controller also 
perfcras arithoetic and logic aanipnlations with 
data and stores pertinent data in the BAB. 

Upon TP power turn-on (via TL119 or TLHA9 for 
TP1; YLB29 or TLHfi 9 for TP2) , the controller 
executes an initialization routine. The 
coeeaBdable functions initialize to the states 
shown in Table 3 .5 .2 -3 .4 -1 . After 
initialization, the controller goes into the idle 
state and waits for the teleaetry word rate start 
signal frow the tiaing block. Upon receipt of 
the teleaetry word rate start signal, ontents of 
internal registers are transferred to le 
external data registers that interface with units 
outside the TP. This assures that the output 
interface will be synchronous with the selected 
telemetry word rate. The spacecraft tiae code 
update is the first routine executed after 
receipt of the teleaetry word rate start signal - 
The tiae code is incremented as a function of bit 
rate*, i.e., at the highest bit rate (2048 Hz), 
the increnent is 1/256 second and at the lowest 
bit rat© (8 H2), the inereaent is 1 second. 


If a new conaand has been received by the coavand 
input logic block and the internal teleaetry word 
ti ae* slot is telesetry word zero, the coawand is 
transferred onto the data bns and stored within 
the BAB for later access. If, however, the 


4 - 
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Direct Beaory Access (DBA) bit is set in the TP 
COBTBOL quantitative coaaand, the coaaand is 
processed a b a direct aeaory access coaaand, 
i.e. f the coaaand is being nsed to configure the 
prograaaable foraat. At this point, the internal 
registers that control bit rate select and TP 
output functions are loaded so that the external 
registers can be loaded at the next telemetry 
word tiae slot, which will be teleaetry word zero 
of the next ainor frame. If the current 
teleaetry word is the last teleaetry word of a 
aajor fraae, the three (3) lost significant tiae 
code words (i.e., three 8-bit words) are saapled 
and stored for later readout. Hext, the various 
bits which represent ainor fraae rate, aajor 
fraae rate, and the 4096 second rate are washed 
out of the counters which are stored in the BAB 
and are transferred via the data bus to the data 
output logic block. 

The controller foras a 10 bit address for the 
ainor fraae format neaory coaposed of 4 bits for 
the coccaaded foraat type and 6 bits for the 
contents of the teleaet-y word counter. A 12-bit 
word is then retrieved rrow the ainor fraae 
foraat neaory. Pour (4) bits of this word serve 
to classify this word into one of six types. 

Pirst, the ■noraal" type, which is the Dost 
prevalent, signifies that the reaaining 8 bits 
are a DIB address and aro to be sent to the PCBE. 
The returning coaautated teleaetry word is placed 
in an internal register which will be transferred 
to an external output, register at the next 
teleaetry word tiae slot. 

The second type of foraat word is the 
subcoaaota ted word . Bithin the space that would 
normally be the DIB address bits, there are two 
(2) bits to indicate the subcon type. These two 
(2) bits are connected to the 6 bits of ainor 
fraae count to fora an 8-bit address for the 
subcon foraat neaory which is siailar to the 
ainor fraae foraat neaory. The 12-bit word 
retrieved fron the snbcoa foraat neaory is 
treated similarly to the 12-bit word retrieved 
f roe the ainor fraae foraat neaory. 
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l'he third type of format word is the internal 
word. Five (5) of the eight (8) regaining bits 
are used to indicate an infernal status word 
stored in the HAH to be outputted daring the next 
telenetry word tine slot- 

The fourth type of format word is the sync word 
where the actual sync code is stored in the 
remaining 8 bits of the 12-bit format word. 

The fifth format word type is the programmable 
format word which contains a scratch-pad memory 
address used to fetch the programed dim and 
channel number. 

The sixth format word type is the HAS-read word. 
When this word is encountered, the minor frame 
count is used as an address to fetch a word from 
the scratch-pad and insert it into the data 
stream. 
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TABLE 

3. 5. 2. 3.4-1 

TP INITIAL CONDITIONS 

PARAMETER 

INITIAL CONDITIONS 

Bit Rate 

1b Bits Per Second 

Prase Pornat 

i Orbiter Engineering Pornat 

Convoln>ioaal Encoder 

j 

OS 

i Data 

i OB 

Subcarrier 

i OB 

Tiae Code Word 

i 

4 Hinutes 16 Seconds prior 


to Pull Scale Clock Beading 

1 

Hinor Prane Word 

1 

63 

Minor Praae Nuaber 

f « 



3. 5-2. 3. 5 Data, Transfer; PXB to Telenets Processor - The 

Teleaetry Processor calls for data fros a DIN by 
first initiating an interrogate cycle within the 
PCN Encoder. This interrogate cycle tales place 
entirely within the ®busy* tine segsent of 
controller activity shown in Pigure 3. 5-2. 3-1. 

The telenetry processor sends a 20-bit Manchester 
coded address iron its PCS interrogate logic to 
the PCS Encoder's Hanchester decoder circuitry. 
The 20-bit cods is sent three successive tines to 
create three subcycles as seen in Pigure 
3.5.2. 3-2. Eowever, the 20-bit address code is 
not usually the sane for the first sobcycle as it 
is for the second and third subcycles. 

The first 20-bit address code consists of an 8- 
bit sync pattern, plus one bit to shift the 
reaalning 11 data bits into a holding register: 
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1ZXXXXXXXXXX 

n | l i LSB 

DIB Select i 

DIB Channel 
I Select 

i 

a/d Bit 
Shift Bit 


The II data bits consist of an A/D bit which 
indicates the type of teleietry data required, 
i.e., analog or digital; 5 DIB select bits (only 
3 of the 5 are relevant to the Pioneer Venus 
Prograi which uses 8 DIBs) ; and 5 DIB channel 
select bits. The second and third 20-bit address 
codes differ fron the first code only in that the 
DIB channel select bits are always coded as 
channel 16 (10000) . fill other bits are 

identical. In the event that channel 16 of a 
given DIB is being interrogated, then all bits of 
all three 20-bit address codes will be the saae. 

The second and tnird 20-bit address codes are 
generated for tiling purposes only. Their DIB 
channel select bits are coded to channel 16 
because channel 16 (as veil as channels 17 
through 31) doesn't create a read envelope which 
could cause a loss of synchronization, if a read 
envelope had already been generated during the 
first subcycle. 

In the first interrogate subcycle, the PCB 
encoder's Banchester decoder circuitry receives 
the 20-bit address code serially shifted with BSB 
first. As the address code bits enter the 
Banchest.er decoder circuitry, they are used to 
create clocking siqnals. The Banchester decoder 
circuitry accruaulates the data into a 12-bit 
shift register. The first 8 bits, i .a - » the 
logical zeroes (sync pattern) pass straight 
through the register. The 12th LSB bit of the 
code, i.e., the logic *1" following the sync 
pattern, triggers the parallel transfer of the 
following 11 data bits to an 11-bit holding 


00000000 
BSB 
(or 20th) 

LSB 

Introduction 

Pattern 
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register. Upon data transfer, the 12-bit shift 
register is inaediately reset. 

Instantly after the 11-bit holding register 
receives the data, the 5 DIB select bits and the 
b DIB channel select bits are decoded by the PCB 
encoder B s DIB decoder circuitry and address 
generator circuitry, respectively. This is 
possible because the contents of the 1 1-bit 
holding register, excluding the A/D bit, are 
hard-wired to the DIB decoder circuitry and the 
address generator circuitry. 

The DIB decoder uses 3 of the 5 DIB select bits 
to activate an address line to the selected DIB. 
The address generator uses the 5 DIB channel 
select bits to encode a 10-bit address code. The 
10-bit address code consists of a 5-bit sync 
pattern followed by the 5 DIB channel select 
bits, HSB first: 


00001XXXXX 
HSB LSB 


Sync Pattern DIB Channel 

Select 


The address generator also receives a delayed 5- 
bit DIB select code for the DIB previously 
interrogated. This delayed 5-bit code is used to 
inhibit or enable the sending of a fill address 
which is generated in the address generator- The 
5-bit DIB select code coses from a 6-bit holding 
register within the PCB encoder. However, the 5 
DIB select bits fros the 6-bit holding register 
and the fill address generated by the address 
generator are of nlnor importance with respect to 
the Pioneer Venus Program, la the Pioneer Venus 
Program, the fill address is derived directly 
fros the 2nd 20-bit address code of the 
iterrogation cycle. It should be noted that the 
A/D bit is one of the delayed 6 bits froa the 6- 
bit holding register. The A/D bit oust be 
delayed for one subcycle period to properly 
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instruct the PCfl encoder's A/D converter 
circuitry . 

At the Midway point of the LSB of the 1st 20~bit 
interrogate subcycle (as seen in ?igure 3. 5.2.3- 
2), the first 10-bit address code generated by 
the address generator is serially shifted (HSB 
first) froa the PCS encoder's DIH decoder to the 
selected Manchester decoder circuitry. 

In the 2nd interrogate subcycle, the PCfl 
encoder's Hanchester decoder circuitry receives 
the 2nd 20-bit address and generates clocking 
signals. The data bits are processed in the save 
aanner as in the 1st interrogate subcycle; but 
the 10-bit address code that is generated by the 
address generator will serve the purpose of the 
fill address. 

At the BSB of the 3rd 20-bit interrogate 
subcycle, the fill aulress leaves the PCH 
encoder's Dili decoder and goes to the DIB's 
Hanchester decoder. The fill address is used by 
the DIR to create clocking signals which will 
allow an 8-bit word of data to be clocked froa 
the DIH to the PCH encoder. 

If conditioned data is being saopled, a 1.000 aA 
precision current output (see Pigure 3. 5 . 2 . 3-2) 
is also sent froa the PCH encoder to the selected 
DIH within 4 aicroseconds after the fill address 
leaves the PCS encoder. If serial digital data 
is being saapled, then the 50ft rise tiae point of 
the read envelope (see Pigure 3. 5. 2. 3-3) would 
occur within the saae 4 aicroseconds tine span as 
the leading edge of the precision current output 
pulse. The read envelope and read clock (also in 
Pigure 3. 5. 2. 3-3) are sent to users by the DIH to 
transfer data into the DIH. 

Within 24 aicroseconds after the 2nd HSB of the 
fill address leaves the PCH encoder, an 8-bit 
teleaetry data word is clocked froa the DIH (see 
Figure 3. 5. 2. 3-2) to the PCH encoder. 

The PCH encoder receives the PAH or digital data 
froa the DIB, and regenerates the data in non- 
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return-to-zero poise code nodulated (S BZ-L/PCB) 
fora. The PCH encoder uses clocking signals 
generated froa the 3rd 20-bit interrogate 
subcycle to serially shift the 8-bit teleaetry 
data word (a SB first) to the teleaetry processor 
(see Figure 3.5. 2. 3-2) . 

Data which is rooted to the transponder is first 
stored in an internal register of the teleaetry 
processor's data output logic. At the nezt 
teleaetry vord time, the data is transferred to 
an external register vhich interfaces directly 
with the transponder. 

3 .5. 2. 3. 6 Power Supply . The power supply generates the 
voltage foras required by the internal TP 
functions. The power supply provides current 
Halting, undervoltage detection and shutdown, 
overvoltage detection and shutdown, negative 
voltage input clanping, and bus fusing. Power 
strobing is used to conserve energy. In 
addition, the power supply provides isolation 
between the bus return and the signal returns, 
and buffers the discrete input coaaands that turn 
the TP on and off. The TP power supplies receive 
three (3) discrete coaaands to control the OB/DPP 
status of the units, i.e., TP1 OB/2 OP? (TLH19 or 
TLB&9) , TP2 OS/1 OPP (TLR29 or TUBB9) and TPs OPP 
(TLflV or TLIA?) - The OB/OFF teleaetry status of 
the power supplies is given by DTLB1S for TP1 and 
DTLH2S for TP2. 

3.5 .2.3.7 Internal Coanand Response . The TP receives both 
quantitative and discrete coaaands froa the COBs 
to control the configuration and operation of the 
unit. The following sections describe the 
internal response of the TP to the different 
coaaands received. 
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3. 5 .2.3. 7.1 IBLEHETBl PBQCESSOB CQBTBOL Quantitative 
Cob wand . The 16-bit quantitative coaaand 
(i-e-, bits 25 through 40 of the uplink coaaand 
fora at (TPCQ1 for TPl; TPCQA for TP2) used to 
configure the TP is stored in a temporary holding 
register (i.e., external register) in the coaaand 
input logic block. After the coaaand has been 
received by the coaaand input logic, a flip-flop 
is set by the verification pulse. The controller 
senses the state of the flip-flop during the 
internal word zero input tine and transfer the 
contents of the teaporary holding register into 
the controller's BAH via the data bus. As a 
result, the latest TP COBXBQL quantitative 
coaaand will be acted upon at the start of the 
next minor fraae. Inforaation transfer is then 
accosplished via the data bus to an infernal 
register by a synchronous transfer using the word 
rate signal. The information bits axe decoded 
and used to control their specified functions. 

Bit 36 of the 16-bit quantitative coaaand is used 
to determine whether a direct neaory access (DBA) 
operation is to take place. If the DHA bit is a 
logic "I", the TP COHTBOL quantitative coaaand is 
used to configure the prograaaable for cat. A 
logic "0* indicates a normal coaaand. A 
prograaaable forest coaaand is loaded directly 
into the BAH, and contains inf ornatio . regarding 
DIH nuaber, DIB channel, and data type of the 
tele vet ry signal (s) to be saapled. The structure 
of the 16 bits of data for the prograaaable 
format coaaand is given in PC-455 (Reference: 
Paragraph 1.5.1) . 

The noraal coaaand consists of 15 information 
bits and one spare bit (Bit 37) . Bits 25 through 
28 are decoded to provide format selection, and 
bits 29 through 32 are decoded to provide bit 
rate selection. Bit 38 controls the subcarrier 
OH/OPP state; bits 39 and 40 control the 
Convolutional Bncoder/Dafa aodes. The status of 
these three functions are not provided in 
telemetry . 

3 .5. 2. 3. 7. 2 Telemetry Processor pH Discrete Coma and . The 
Teleaetry Processor OH coaaand (i.e., TLB 19 or 
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TLN&9 ior TP 1; TLB 29 or TLBB9 for TP 2) is a 
discrete cos land rooted to the inpot of a latch 
which controls the TP power. This coaaand sets 
the latch; a voltage is fed back fro* the 
regulator to keep the latch set and the TP power 
ON. The OB coaaand to a TP is also used to 
simultaneously torn off the other TP. 

3. 5. 2. 3. 7. 3 Telemetry Processor OFF Discrete Coaaand . The 
Telemetry Processor OP? coaaand (i.e., TLB 10 or 

TLB&p) is a discrete coaaand rooted through an 
inpot buffer to the latch which controls the TP 
power. This coaaand will reset the lat'-k and 
thus eonaand the TP power OPF. This OFF coaaand 
simultaneously tarns off both TPs. 

3.5.3 op erational Description . The following sections 
describe in detail the operational 
characteristics of the data handling subsystem. 

3. 5. 3.1 Prog rasa able Foraat Operations . The TP contains 
one (1) ainor fraae foraat that can be programmed 
in-flight. Dp to eight different analog, serial 
digital or bilevel words can be inserted into the 
programmable foraat by use of the TP CONTROL 
quantitative coaaand. The priaary purpose of 
this foraat is to increase the sa a pie rate on 
single or aultiple teleaetry channels for 
spacecraft diagnostic purposes. However, it is 
also useful for receiving selected teleaetry 
channels during special aission aaneuvers and/or 
events. The following sections describe the 
organization of the prograeaable foraat, the 
aethod for loading it, the verification of the 
foraat contents and other operational 

cons iderat ions . 

3. 5. 3. 1.1 Foraat Organization . The prograanable foraat is 
organized into the standard 64 word ainor fraae 
foraat (see Figure 3 .5 J. 1.1-1) used by the other 
1L- ainor fraae formats on the Hnltiprobe and 
Orbiter spacecrafts. The first eight words of 
the 6Q words ate pre-progranned and cannot be 
changed. The first seven words (i.e., words 0 to 
6) are standard to all 16 ainor frame foraats and 
the definition of these words is given in PC-454 
(Reference: Paragraph 1.5.2). Nord seven is 
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unique to the programmable forest. This word 
contains the fall contents of the Bandom Access 
Bemory (BAB) in the IF. The BAH contains 32 
entries consisting of 8-hit words of information; 
eight of these entries are nsed to store the DIB 
address intonation associated with the eight 
programed telemetry words. Section 3. 5. 3. 1.3 
will describe the content s of the BAB in detail. 

The regaining 56 words in the format are used to 
p.ograa the selected teleaetry words. These 56 
wo. is can be considered to contain a aini-ainor 
frare that is eight words long and repeated seven 
tines. That is, words 3 to 15, 16 to 23, 24 to 
31, etc., all contain identically the saae 8 word 
teleaetry tonat. Each aini-min^r fraae can be 
programed into any coabination of teleaetry 
words addressable through a DIR. Internal words, 
such as spacecraft tine code (dynaaic and 
static) , format and bit rate status and ninor 
frane count, cannot be selected for the 
programmable format. The eight words in the 
mini-minor fraae can be all the sane, all 
different, or any intermediate combination. The 
method for proqranning the format is explained in 
the next section. 

Figure 3. 5 .3. 1.1 -2 shows an exanple of a 
prograaiable foraat. Bus Voltage Halter Current 
(PLIHTI) has been assigned to alternate words ir 
the 8 word foraat for the aini-ainor fraoe (words 
8, 10, 12, 14, 16, 18, ate., to word 6 2). 

ATTITUDE HKAS08BBEH? for ADP1 (ATTB1Z) has been 
assigned to every eighth word, starting with word 
8. ADP status has been assigned to every fourth 
word, starting with word 11. Finally, PSI* 
Brightness (AMBBB) has been assigned to every 
eighth word, starting with word 13. 

3. 5. 3. 1.2 Pr p a. rfl pplfl«L pnd PtfrSUPfl-iiW. Tke 

prograaaable foraat is configured by the use of 
those versions of the TP COBTBOL quantitative 
command that aro identified as the PBOGBABBABLE 
PQBHAT commands in pc- 455 (TPCQ2 and TPCQ3 for 
TP 1 ; TPCOB and TPCQC for TP2) . To initially set 
up the foraat, it takes nine (9) transmissions of 
the quantitative command to the TP. The contents 
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of each couand is stored into a different 
location in the UK to be used later by the TP in 
the execution of the foraat. Tht order in which 
the cos lands are sent is not important because 
each coaaand contains the BAB address into which 
the format iuforeation is stored. 

The structure of the PBOGBABBABLE POBBAT versions 
of the TP COBTBOL quantitative coaaand are given 
in PC-455 (Reference; Paragraph 1.5.1), but will 
also be discussed here. Bi ts 25 through 40 of 
the uplink coaaand foraat are used for all 
quantitative coaaand data. For the PBOGBABBABLE 
PORHAT coaaands, bits 33 through 35 are not used 
and con either be logic *0® or logic *1“ bits, 
but bit 36 aust always be logic *’*. Bit 3' r is 
used to select TP CONTROL ( B 0*) or PR' -;B1BBABLB 
POBBAT ("I”) versions of the TP CONTROL coaaand. 
The BAB addresses (i.e., 23 through 31) are 
defined in bits 37 through 40 and bits 25 through 
32 are used in two different ways, depending on 
which type of PBOGBABBABLE POBHli coaaand is sent 
to the BAB. 

The first type of coaaand (TPCQ3 or TPCQC) is 
used to define whether the selected channels are 
analog (conditioned or unconditioned) or digital 
(serial digital or an 8-bit bilevel word) . This 
coaaand aust be sent to RA9 address 23, and the 
contents of bits 25 through 32 oust define 
whether the 6 programmed telemetry words are 
analog or digital. The eight coaaand bits (i.e., 
25 through 32) are assigned as follows to the 
eight telemetry words; bit 25 - word 3, bit ?6 - 
word 4, bit 27 - word 5, bit 28 - word 6, bit 29 
- word 7, bit 30 - word 0, bit 31 - word 1 and 
bit 32 - word 2. A logic "1® denotes an analog 
teleaetry word and a logic "0“ denotes a digital 
teleaetry word. In suaaary, bits 25 through. 32 
define the type of teleaetry word, bits 33 
through 35 are not useo, bit 36 oust be a logic 
"I" and bits 36 through 40 aust be binary 23 
where bit 36 is the 8SB, to properly transait 
this first type of coaaand. 

The second type of coaaand (TPCQ2 or TPCQD) is 
used to load the DIB address information 
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associated with the selected telemetry words into 
the RAH. RAH addresses 24 through 31 are used to 
store the binary code for the D1H and the DIH 
channel that is assigned to the telemetry words 
to be progressed into the format. Programmed 
words 0 through 7 are assigned to RAH addresses 
24 through 31 respectively. Bits 25 through 27 
define the DIB and bit3 28 through 32 define the 
DIB channel. Bits 25 and 28 are the BSBs for the 
two codes. Therefore, telemetry words 0 through 
7 of the mini-minor fraae are stored into RAH 
ac resses 24 through 31 respectively. After all 
the HAS locations are filled and a change is 
required to a DIB or DIH channel address, only a 
single command with the corrected DIB inforaation 
and its associated BAH address has to be sent to 
the TP, provided the new telemetry word is the 
same as the old teleeetry word it replaces 
regarding analog or digital categories 
(otherwise, the corrected first command must 
precede this single crnaand) . The contents of 
the BAH are permanent for all tine that power is 
applied to the TP. 

Once BAB locations 23 through 31 are loaded with 
the correct information, the programmable foraat 
can be selected by using the T? CONTROL version 
of the TP COBTROL quantitative command. The coda 
for the prog rasa able foraat is *0011" and it East 
be inserted in bit locations 25 through 28 of the 
uplink command foraat. The other codes ia the 
quantitative command for format, bit rate, DSD 
control, etc., must be for the current status of 
the TP if only the format is being changed to the 
programmable format. The structure for the TP 
CONTROL version is given in PC-455 'Reference: 
Paragraph 1.5.1) . The programmable format starts 
at the next minor frame after the format select 
command is sent. 

S.S.^.I.S Format Verif icrw^on . The DIB address information 
loaded info the BA locations, and consequently 
the telemetry channels programmed into the 
format, can only be verified through the use of 
the format itself. Hinor fraae telemetry word 7 
contains a complete readout of the 32 BAH 
locations. The first entry in the RAH (location 
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OJ is reai! out in Binor fraoe 0 of the ssjos 
fraae and all the following BAB locations are 
read oat in the following ainor franco. Since 
there are b4 einor franes in a sajor fracs# the 
complete BAN readout is accoaplished twice in 
each sajor fraae. 

Pignre 3. 5. 3. 1.3-1 defiaos the contents of all 
BAH locations. Starting with sinor fraae 24 of 
the s&jor fraee, tbo eight progressed telemetry 
words can he verified. If an error is detected,, 
a new cosnand can he sent to the BAN to correct 
the contents. The coaaand can be seat while the 
prograsaable format is in operation. 

3. 5. 3. 1.4 o perational _gOfislsalo.fcs_and_CpnsAd ejratiQQS . 

There are a nuaber of constraints and 
considerations when operating the programmable 
forest. These are as follows; 

(a) BAN locations 23 through 31 are randoa 
when the TP is first powered on. 
Therefore, the prograsaable forest 
should not be cossanded into use before 
loading the desired teleoetry sords. 

(b) RAN locations 0 through 15 are 

in access able by coaaand, so they cannot 
inadvertently be altered. However, 
locations 1b through 31 can be accessed 
by coasand. Location 1b contains the 
aost significant word of the dynamic 
time code and there for© care should be 
exercised to prevent this word fron 
being changed by sending a cowaand to 
this location. Locations 17 through 22 
are spares but could be used to store 
information because they are 
addressable and are read out in the 
teleaetry torsat. 

(c) All coBBands to the TP when loading the 
RAB should be spaced by one sinor 
frame. If two coaaands are received in 
the space of one ainor fraae, the first 
coDcand will be ignored. 

id) The contents of the RAN are permanent 

while the TP is powered. Consequently, 
the prograaeable forcat can be used 
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again after it has been programed and 
other ainor frame formats have been 
used in the interim . 

Tej^eagtaUPogsM-aM Bit Bate Operations - The re 
are 1b ainor frame formats and 13 bit rates that 
can be ccmsaaded into operation on either the 
orbiter or Hultiprobe spacecrafts. Detailed 
information about format layout and overhead 
words for each format xs contained in PC-454 
(Reference: Paragraph 1.5.2) . Bither spacecraft 
will respond to a command containing any 
telemetry format and any bit rate. However, 
commonality between the two spacecrafts exists 
totally only for the bit rates. There are five 
(5) formats that operate properly on the 
Multiprobe and 14 on the Orbiter. Consequently , 
only three (3) formats are common, i^., the ACS , 
Comsand Bemory Readout and Programmable formats. 

If a telemetry format designed for the Orbiter is 
coamanded into operation on the dal tip robe , the 
TP will address the DIB channels in accordance 
with the Orbiter pre-prograamed format, is a 
result, the format will contain data that is 
meaningless to the ground software which is 
programmed to receive known telemetry parameters 
in each word of the commanded, format. However, 
the data can be Bade useful, if necessary, by 
using PC-454 (Reference: Paragraph 1.5.2) to 
compare the differences between the DIF 
assignments on the two spacecrafts. Therefore, 
caution should be exercised when commanding 
telemetry formats to insure that the correct 
formats are used on each spacecraft. 

Information regarding TH data times is shown in 
Table 3. 5. 3. 2-1. 

The formats and bit rates are comsanded info 
operation through the TP CONTROL quantitative 
command, (TPCQ1 or TPCQA, as explained in PC-455 
(Reference: Paragraph 1.5.1) . Bits 25 through 28 
of the uplink command format are used to cede the 
teleuetry formats and bits 29 through 32 are used 
for the telemetry bit rates. Telemetry 
verification is through i3>rd 3 of all 1b 
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telemetry ainor fraae formats. The first four 
(4) bits of this 8-i>it word gives the states of 
the foroat selected and the regaining four (4) 
bits gives the status of the bit rate selected. 
The 4-bit codes is this foraat word are identical 
to the codes used to coaaand the foraat and/or 
bit rate into operation. 

One constraint on the use of this coaaand is that 
two different quantitative coaaands should not be 
sent to the TP in the space of one ainor fraae 
tiae. Since the coaaand s are loaded into a shift 
register when received and held until the next 
ainor fraae, only the last coaaand will be 
executed. 

Another consideration is that the statns of the 
Convolutional Encoder and Data control bits (bits 
39 and 40 of the splint coaaand vord) must be 
inserted in She quantitative coanand to insure a 
node change does not take place, such as 
coaaanding OPP the data output of the TP 
(Reference; Paragraph 1.5.17). 

The spacecraft should not be operating in a 
telemetry foraat that reads out coast tiae when 
any one of the probes* coast timer is being 
loaded. This say cause an atteapt to 
simultaneously write into and read out of the 
coast tiaer, thus jeopardizing valid write-in of 
the desired coast tiae (Reference: Paragraph 
1.5.18) . 
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TABLE 3 .5 -3 .2-1 

PI0BEE8 ZEBUS TELE BETSY DATA TIBBS 


BIT RATE 

(bps} 

CSX 3 2 

BIN OB FBAflB 
PERIOD (SEC) 

HAJOH PBAHB PBBIOD 

= 3«SS3SS^^acaC3t3J«3* 

HIHOB PFAHE 
WORD FATE (bps) 

rpaczmroz! 

4096 

1/8 

8 

sec 

64 ' 

2048 

1/4 

16 

sec 

32 

i 024 

1/2 

32 

sec 

16 

682-2/3 

3/4 

48 

sec 

10-2/3 

512 

1 

1 am 4 

sec 

8 

1 

34 1-1/3 

1- 1/2 

! 

1 «xn 36 

sec 

5-1/3 

256 

i 2 

i 

2 ain 8 

sec 

4 : 

170-2/3 

! 3 

3 ain 12 

sec 

2-2/3 

128 

1 4 

4 sin 16 

i 

sec 

2 

64 

8 

8 ain 32 

sec 

1 

32 

16 

1 

17 sin 4 

sec 

1/2 

16 

32 

34 sin 8 

sec 

1/4 

8 

1 64 

1 hr 8 sin 16 

sec 

i 1/8 



3. 5. 3-3 PCS Encoder Operations . The PCHEs are turned OH 

and OFF by three discrete coaaands, i„e», PCH 
BN CO DBS 1 OM/2 OPP (PCH 1 9 or PCHA 9 ) , PCS BRCODEF 
2 OH/1 OPP (PCH29 or PCHB9) and PCB BNCODBBS OPP 
(PCBip or PCBA(Z) - When one PCH is coaaanded OH, 
the other PCH is simultaneously coaaanded OPP. 
This prevents the telemetry data fro» being 
scraebled by two PCHEs responding to the 
instructions fros the operating TP. 
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At initial spacecraft turnon, a Telemetry 
Processor should be turned ON before the PCB 
Encoder is turned ON. If, subsequently 3 the TP 
is turned OFF and then ON, or the TP*s 
switched, DIB ON status should be re-established 
by either a DIB configuration command, or by 
taming the PCR Encoder OFF and ON again to 
establish initial conditions (Reference: 

Paragraph 1.5.18). 

3. 5. 3. 4 Spacecraft line Code Operations . The spacecraft 

time code consists of a 24-bit code (DCLOK 1 , 
DCL0K2 and DCL0K3) that is inserted into the 
first three 8-bit words of Subcon A of all the 16 
■ inor frane formats The tine code has a 
resolution of 125 Billiseconds and can count tine 
for 24.27 days. At the beginning of each major 
frane, the tine code is updated and frozen for 
the entire major fraae. The najor frame, as it 
exits the TP, is delayed 30.5 nicroseconds 
relative to Universal time. The accuracy of the 
tine code is a func*ior of the 50 ppn stability 
of the TP easier oscillator. 

The spacecraft tine code also appears in the ACS, 
Engineering and Command Beaory Readout formats. 
The 8 HSEs of the tine code (DCLOK1) appears in 
the Command Memory Readout format, the 8 LSBs 
(DCLOK3) appear in the ACS format and the 16 LSBs 
(DCLOR2 and DCLO&3) are in the Engineering 
format. Originally, these time code entries were 
intended to be the dynamic time code that is 
updated on a telemetry word basis by the TP, bot 
through a programming error, these time code 
words are the same as those in Subcon A. 
Therefore, it should be recognized that these 
tine code words in the minor frame do not provide 
any additional time code information. 

3.5.3 .5 4Q96 .SfiPPfld . C3.QCX OpeEhtiPaS . The TP generates a 

sguarewave clock with a period of 4096 seconds 
that is used as an accurate tining reference by 
the command processor to start the comuand 
memory. When the Stored Command Logic (SCL) 
within the COBBAND PROCESSOR is conmanded into 
the TIMED START mode, the SCL waits until the 
next one-to~zero transition of the 4096 second 
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clock and then starts processing the contents of 
the command memory . 

The 4096 second clock is derived in the TP froa 
the 24-bit time code that is inserted into the 
first three cords of Subcom A of all the minor 
frane formats. The second BSB of DCLOR2 is used 
as the clock, i.e., the bit that charges state 
every 2048 seconds. The tine code is updated at 
the beginuing of each major fra>e. Therefore, 
the occurrence of the 4096 second clock can be 
resolved to the tine of one aajor frame without 
any special procedures. At 2048 bps the 
resolution is IS seconds. To improve this 
resolution to one minor frame time, a command can 
be inserted into the command memory that changes 
the state or mode of a parameter telemetered in 
the minor frame. By doing this, the resolution 
can be improved to 250 milliseconds at 2046 bps. 

There are three errors associated with the use of 
the 4096 second clock that are inherent in the 
way the clock is implemented in the TP and ased 
by the SCi. The errors are the 125 millisecond 
resolution in starting the SCL, the bit rate 
depenaance of the clock output in that the 24-bit 
time code is updated on a word basis, and the 
stability of the command processor which effects 
the execution of events when time delays are 
programmed in the command memory. Tnese errors 
are discussed in detail in Section 3.6 .3. 2. 3. 2. 

3.5.4 Command Response . Table 3. 5. 4-1 presents the 

command responses for the data handling 
subsystem. The table lists every command that 
directly affects the subsystem and the telemetry 
indication that verifies the proper execution of 
the command. The mnemonics for each of the 
command and telemetry parameters are also 
included. 


( 
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TAR I V 3. 5. 4-1 

COMMAND RESJ»ONSES KOK DATA HANDI INC SCBSYsTf M 


» w o o to 

2 SS-8S 

H- KJ3 i «♦ 

I £■ -8' 


COMMAND 


TELEMETRY VERIFICATION 


Mnemonic 


Response 


Mnemonic 


Indication and/or Remarks 


l-P 


Telemetry 
Processor 
Control 
fTPCQl for 
TP1; TPCQA 
for TP2) 

FM T - XXXX 
( Format 
Select) 


Orhlte r Engr (0000) 
Bus Engr (0001) 
I3 uh Entry (0010) 
P rog ram m able (001 1 ) 
ACS (0100) 

Command Memory 
Readout (0101) 
Playback (0110) 

Data Memory 
Readout (0111) 
I aunch/C raise (1000) 
Perlapsls A (1001) 

Perlapsta B (1010) 

Perlapsla C (1011) 

Perlapsls D (1100) 

Perlapsls E (1101, 

Apoapsls A (1110) 
Apoapsls B (1111) 


The format select command 
selects one of the mission 
selectable formats. Execu- 
tion of the selected format 
change Is minor frame 
synchronous. 


Internal 
Word 3 


Format : 

Orb l ter Engineering 
Bus Engineering 
Bus Entry 
Programmable 
ACS 

Command Memory Readout 
Playback 

Data Memory Readout 
Launch Cruise 
Perlapsls A 
Perlapsls B 
PeriapBls C 
Perlapsls D 
Perlapsls E 
Apoapsls A 
Apoapsls B 


Telemetry 
Processor 
Control 
(TPCQ1 or 
TPCQA), 
BR - XXXX 
(Bit Rate 
Select) 


8 bps 
in bps 
32 bp3 
64 bps 
128 bps 
170-2/3 bp 
256 bps 
341-2/3 bp 
512 bps 
682-2/3 bp 
1024 bp a 
2048 bps 
4096 bps 
(where x - 
care bits). 


( 0000 ) 
(0001 i 
(0010) 
(0011) 
( 0100 ) 
9 (0101) 

(0110) 
9 (0111) 

(1000) 
9 (1001) 

(1010) 
(1011) 
(llxx) 
don't 


The bit rate select command 
selects one of 13 mission 
selectable bit rates. Execu- 
tion of the selected bit rate 
change Is minor frame 
synchronous. 


8 bps 
16 bps 
32 bps 
64 bps 
1 28 bps 
170-2/3 bps 
256 bps 
341-2/3 bps 
512 bps 
682-2/3 bps 
1024 bps 
204 H bps 
4096 bps 

(where x don’t care bits e< 


( 0000 ) 

( 0001 ) 

( 0010 ) 

( 0011 ) 

( 0100 ) 

(0101) 

( 0110 ) 

( 0111 ) 

( 1000 ) 

( 1001 ) 

(If 10) 
( 1011 ) 

(1 Txx) 

il to that which was cm dec 
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TABLE 3. 5. 4-1 (Continued) 


COMMAND 

TELEMETRY YE RI FIC ATION 

Mnemonic 

Title 

Response 

Mnemonic 

Indication and/or Remarks 

Telemetry 
Processor 
Control 
CTPCQ1 or 
TPCQA), 

SI TIC - E/D 
(Subcarrler 
Control) 

Subcarrier ON/OFF 
ON: 1 
OFF: 0 

The subcarrier ON/ OF F 
command controls the state 
of the *Qibcarrler output, 

N/A 

No telemetry Indication; check RF carrier for 
absence or pr*'*ence of subcarrler. 

Telemetry 
Processor 
Control 
(TPCQ1 or 
TPCQA), 

Conv - E/D; 
Data = E/D 
(Convolution- 
al Encoder 
Data) 

Convolutional 
Encoder /Data - 
Tnencoded ) ( 11 or 
Data 4 | 10 

Encoded: 01 

Data OFF: 00 

The convolutional encoder by- 
pasa/encode command by- 
passes or encodes the tele- 
metry data and controls the 
modulation on the subcarrler 
prior to transmission. 

N/A 

No telemetry Indication; proper operation with or 
without convolutional decoder. If data has been 
commanded OFF, loss of frame sync lock occurs. 

Telemetry 
Processor 
Control 
(TPCQ2 or 
TPCQFR , 

DIM - 0 - 7, 
(Program- 
mable format; 
DIM select) 

DIM Select (0 to 7) 
(000 to 111) 

Execution of all programmablt 
mode select commands are 
minor f^ame synchronous. 

The DIM and channel select 
commands select one of eight 
telemetry signals to be 
dwelled on. Any combination 
of up to eight telemetry words 
can be* selected. 

N/A 

Same as commanded code; appears in RAM play- 
back in minor frame format word 7. 

DIM Channel .Select 
(0 to 31) (00000 to 

mil) 

N/A 

Same as commanded code; appears In RAM play- 
back In minor frame format word 7. 


Ifl 
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TABLE 3. 5. 4-1 (Continued) 


COMMAND 

TELEMETRY VERIFICATION 

Mrx*mao!o 

Title 

Response 

Mnemonic 

Indio all on and/or Remarks 

Telemetry 
Processor 
Control 
(TPCQ2 or 
TPCQB), 
RAM LI 24-31 
(Progmm- 
mahle format; 
RAM 
Address) 

RAM Address 
Location (24 to 31) 
(11000 to 11111} 

Addresses for Programmable 
words 0 to 7. 

N/A 

No telemetry Indication; verification of data above 
verifies correct address location. 

Telemetry 
Processor 
Control 
(TPCQ3 or 
TPCQC) 
RXXX n D/A 
(Program- 
mobleformafc 
Digital or 
Analog 
Select). 

Analog/ Digital Data 

Analog! 1 
Digital: 0 

This command specifies 
whether each of the 8 
programmable words are 
analog or digital. 

N/A 

Same as commanded code; appears In RAM play- 
back In minor frame word 7. 

RAM Address 
Ixjcatlon (23) 
(10111) 

Address for Analog/ Digital 
data spec Lfl cation. 

N/A 

No telemetry indication; verification of data above 
verifies correct address location. 

PCM19 

PCMA9 

PCM Encoder 1 ON/ 
2 Of F. 

Discrete command which will 
turn PCM Encoder 1 ON and 
PCM Encoder 2 OFF. 

D PCM IS 
DTCM2S 

PCM Encoder 1 ON/OFFx ON (I>oglc 1). 

PCM Encoder 2 ON/OFF: OFF (Ixiglc 0). 

PCM29 

PCMB9 

PCM Encoder 2 ON/ 
1 OFF 

Discrete command which will 
turn PCM Encoder 2 ON and 
PCM Encoder 1 OFF. 

DPCM2S 

DPCM1S 

PCM Encoder 2 ON/OFF: ON (Ix>r1c 1) 

PCM Encoder 1 ON/OFF: OFF (Tjo&c 0) 


PCM 10 
PCMAtf 

PCM Encoders OFF 

Discrete command which will 
turn both PCM Encoders OFF. 

N/A 

Ivoss of all Downlink Telemetry. 
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TABLE 3. 5. 4-1 (Continued) 



COMMA Nil 


TELEMETRY VERIFICATION 

Mnemonic 

Title 

Response 

Mnemonic 

Indication and/or Remarks 

PCM 

Encoder MM 
Control. 

PCMQ1 

PCMQ2 

DIM 0 
DIM 1 
DIM 2 
DIM 3 
DIM 4 
DIM 5 
DIM 6 
DIM 7 
Coding! 

ON: 00 or 10 
OFF: 01 or 11 

Quantitative comm and used to 
turn OFF a failed DIM. In 
normal operation, all DIMo 
are automatically turned ON 
two minor frames after 
receipt of the PCM Encoder 
ON command. 

N/A 

No DIM telemetry status; correct telemetry from 
all DIMb In the ON condition. Teleme 4 ry Trom 
OFF DIMs is Indeterminate. 

TLM1B 

TLMA9 

Telemetry Processor 
1 ON/2 OFF. 

Discrete command which will 
turn Telemetry Processor 1 
ON and Telemetry Processor 
2 OFF. 

DTLM1S 

DTI.M2S 

Telemetry Processor 1 ON/OFT: ON (I^oglc 1) 
Telemetry Processor 2 ON/OFF: OFF II>ojrfc 0) 

TLM29 

TLMB9 

Telemetry Processor 
2 ON/1 OFF. 

Discrete command which will 
turn Telemetry Processor 2 
ON and Telemetry F-rocessor 
1 OFF. 

DTI.M2S 

DTLM1S 

Telem etry Processor 1 ON/OFF: OFF ILo«lc 01 
' Telem etiy Processor 2 ON/OFF: ON (Ix>glc 11 

TI.MHJ 

TtMA/ 

Telemetry Proces- 
sors OFF. 

Discrete command which will 
turn both Telemetry Proces- 
sors OFF. 

N/A 

Ijoss of all downlink telemetry. 
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*•** See APPZBDIX C *+** 
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Figure 3.5. 1-1 
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PROQRAMUBLI FCMMAT 


0 1 2 
— ■ FRAM0 8VMC — « 

3 

FORMAT 
• ITRATt 
10 

4 

S/C ID 
SCID 

5 

8U8COM 

A 

0 

8UBCOM 

0 

7 

RAM 

0 

flimti 

9 

ATTV1X 

10 

FUMT1 

11 

AW 

STATUS 

12 

FUMTI 

13 
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14 
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10 

AV 

STATUS 
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17 
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20 


21 
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SO 
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00 
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FIGURE 3. 5.3, 1.1 -2. EXAMPLE OF PROGRAMMABLE FORMAT FOR 
ONE MINOR FRAME 
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«u l a 


MfMCPS, 

FfUJMX 

0 

1 

2 

3 

4 

5 

1 

7 

cvmanrs 

0 

ID 

X 

2 ON 

. 

1 ON 

0 

OJ 

1 

n 

10-0 FOR tUS AMO 1 POA OR1ITTR 

2 ON AND 1 ON - 1 WHIN SRXC1PIIO OSU 13 OW 

3 BITS SHOW OSU (N 1 OP 1 POSS3ILS STATES. 

1 

TEMPORARY STORAQ* USX D TO PROCTS3 
USER RATX DATA 

Ml MOW FRA MX. MAJOR P RAMI AN □ <QM UC R A TT3 API 
PROC1X3XD AND TRAPdFlRR IU TO TH« iNYtttNAL U*CR 
rati AiarmR iinv alio oatai 

2 

FRAME FORMAT j 

■ IT RAT! 

MOST SIGNIFICANT 8 | ITS OP QUANTITATIVE COMMAND 

3 

OSU COAHANO 


X . c . 

0 

lLAST SIGNIFICANT* BITS OP QUANTITATIVE COMMAND 

4 

0 

0 

WORD COUNT! R 

BAIT COUNTER 

3 

0 

0 

MINOR FRAMt COUNTER 

8X1T COUNT! R 

<5 

DSU STATc 


0 

0 

• 

0 

3 1 ITS TO SHOW OSU IN 1 OP 1 POSSIBLE STATtS 

7 

DYNAMIC Tl MX COOX HOAD 0 

LLAST SIGNIFICANT WORD OP 4 DYNAMIC TTMICOOi 
WORM C* BITS) 

a 

DYNAMIC T1MEC0DI WORD 1 

THIRD WORD OF 4 DYNAMIC TIM .CODE WORDS flitTSI 

9 

DYNAMIC TtMICOO* WORD 2 

S! CON'D WORD OF 4 DYNAMIC TTM!COOe WORDS (V BITS! 

ID 

STATIC TlUfCOOI WORD 1 

lIAST SIGNIFICANT WORD OF 3 STATIC TlMICODE WORDS. 

„ 

STATIC TlOTCOOE WORD 2 

SECOND WORD OF 3 STATIC TIMiCGO E RAW 03 

’ 3 

STATIC TIM! COD 6 WORD 3 

MOST SIGNIFICANT WORD OF 3 JTATtC TlMXCOQI WORDS 

13 

FOP MAT INFORMATION 

"tlArfrSj&hlFtCAVriUTi O/ IMITFOWMATWOHO 
(INVALID DATA) 

14 

&.C ID 

MINOR F R AM! COUNT 

SPACECRAFT 10-00 FOR BUS AND 10 FOR ORBITIR 
P UTS FOR MINOR FRAM1 COUNT 

l 8 

0 

0 

nr 

0 

FORMAT 1 n f or MA T I QN 

MOST SIGNIFICANT 4 UTS OF 1 MIT FORMAT WORD 

IB 

DYNAMIC T1M6COD5 WORD 3 

MOST SIGNIFICANT WORD OF 4 QVMAUIC TlMfOQDE 
IVOR OF i* BITS) 

l 7 

SPAR! 

WILL INITIAL!!! WITH ALL BITS * 0 

18 

SPAR H 

WILL IV ITT AL I JTfi WITH ALL BITS - 0 

19 

SPAR I 

WILL INlTUUZfi WITH ALL BITS • 0 

70 

SPARE 

WILL INITIALIZE WITH ALL BITS - 0 

21 

SPARE 

WILL INITIAL! n WITH ALL UTS • 0 

77 

SPARE 

WILL INITIALIZE WITH ALL BITS - C 

» 

PW3 

TYPE 

WW4 

TV Ft 

NTS 

rvTi 

fw« 

TYPf 

PV*7 

TYPE 

FNW 

TYPE 

PYll 

TYPE 



T 

PW7 

TY PI 

SMC! PIES TYPE or programmailb WORDS 07 
ANALOG -1 AND DIGITAL • 0 

24 

OiM no 

Channel *u 
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3.6 COBBABD SUBSIST SB 

3.6.1 Subsystem Description , fhe coseand subsystem 

contains all the cos sand processing capability on 
the spacecraft. The subsystem provides the 
capability to decode* process and distribate 
ground coe lands to spacecraft subsystems and 
scientific iastrusents as fell as store coaaands 
for later execution. Firing pulses are also 
provided for pyrotechnic devices. Coaaands aay 
be either discrete or quantitative, A functional 
block diagram of the subsystea is presented in 
Figure 3. 6,1-1 (Appendix C) . 

The subsystea consists of two (2) redundant 
Con and Processors (CPs) * seven (7) Coaaand 
Output Bodules (COBs) and tvo (2) Pyrotechnic 
Control Dnit (PC Os) . On the spacecraft equipment 
shelf, these units are arranged as a bo vn in 
Pigure 3. 6. 1-2. The tvo (2) CPs are connected to 
the essential bus and are not capable of being 
couanded off. All seven (7) COBs recoive 
secondary pover frae each CP. The associated CQfl 
is pover strobed on prior to the issuance of a 
coiaand output. After the coanand is issued, the 
COB turns itself off. The PCO receives control 
pover iron the essential bus and sqnib driver 
pover fros a lover voltage tap froa the 
spacecraft batteries to ainiuixe essential bus 
voltage drops during pyrotechnic device firings. 
Figure 3.6.1— 3 shoes the uajor cross-strapping 
between the eleaents of the subsystea. 

Beal -tiie ground -generated coaaands are 
transmitted via the BF uplink to the spacecraft 
receivers. Bach receiver is connected to a 
single CP, i.e., there is no cross-strapping. A 
specific receiver/CP combination is selected by 
transmitting the BF carrier frequency associated 
with the receiver in the desired pair. On either 
the Aultiprobe spacecraft or Orhiter spacecraft, 
there is a unigue BF carrier frequency assigned 
to each receiver. The uplink format is 
PCB/FSK/PB and the coaaand subcarrier ontput to 
the CP is PCB/FSK. The tone frequency for a 
logic "I" is 2 SO fix and for a logic "0" is 100 


3.6-1 



Section lo. 3.6.1 

Doc. *o. PC -403 

Orig. Issue Date 5/22/78 
Revision lo. 


Revision \ 


dz , and the cone and bit rate is 4 bits per 
second. 

The uplink cone and format is 48 bits long and is 
detailed in the lover portion of Figure 3. 6. 1-1. 
This foraat provides the capability to address 
either the Solti probe spacecraft or Or biter 
spacecraft, to address either CP, to process 
real-time commands or store the commands in 
memory for later execution , to store time delays 
in memory and to distribute two types of commands 
to spacecraft users, namely discrete and 
quantitative commands, k 48-bit preamble of 
alternating logic *1" and logic *0* tones (250 Hz 
and 100 Hz respectively) is required once prior 
to sending a single command or noltiple 
contiguous commands to the spacecraft. 

The tvo CPs are cross-strapped such that the 
output of the FSK demodulator portion of each CP 
can be processed by either CP. By osing the 
address bit in the uplink, command format, either 
CP can be selected to process the transmitted 
uplink command. The FSK demodulator verifies the 
13 bit sync code prior to sending the transmitted 
conaod to the central command processing portion 
(Figure 3. 6. 1.-3) of the real-time processor of 
either CP. In the central portion, the 
spacecraft address, the CP address and the poly 
code are verified before the comaand is routed to 
the addressed COS or to the comaand memory. The 
polycode is used to detect errors in the 28 
information bits (i.e., bits 13 through 40) of 
the command format . 

The subsystem contains tvo command memories (one 
in each CP), mach of which can store 12b entries. 
Each entry, which can be a discrete or 
quantitative command or a time delay, is 24 bits 
long and is contained in bit locations *.7 through 
40 of the command format. Once the comaand 
seqaonce is loaded into memory, the sequence can 
be executed by sending a real-time start coanand, 
closure of the spacecraft separation switch or by 
use of the 4096 second clock from the Telemetry 
Processor. The 4096 second clock is used as an 
accurate time reference to start the Memory at a 
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later tire. Tire delays froa 125 Billisecond to 
291 hours can be loaded into each slot of the 
con and aeaory. The coaaand resolution and tiae 
delay resolution for the aeaory is 125 
Billiseconds. Coaaands issued froa the aeaory 
are executed within 125 microseconds, not 
including delays such as aechanical relay 
response tiae. Timing in the CP permits nearly 
concurrent processing of coaaands froa the aeaory 
and BP uplink. BP uplink coaaands to one CP and 
aeaory coaaands froa the other CP Bust not 
address the same COB within 62.5 Billiseconds to 
avoid loss of both coaaands. 

The CP routes all coaaands to the individual COBs 
for distribution to the users. Each COB can 
supply 64 discrete coaaands and 4 quantitative 
coaaands. Different, sobsystea and scientific 
instruaent users are assigned to the seven (7) 
COSs. Almost all coaaands are redundant, so the 
primary coaaand is sent to one COB and the 
redundant (or back-up) coaaand to a different 
COB. 

The subsystea also provides the firing pulses for 
all pyrotechnic devices on the spacecraft through 
two PC tJs o Bach PCD receives the standard 
discrete coaaand output froa the COBs and current 
amplifies these pulses to the level reguired to 
actuate the pyro device. Each PCD coa tains six 
(6) squib drivers each of which can provide a 
winiana of 5 amps firing current to three (3) 
sgulbs. Each PCD is divided into twj equal 
redundant halves so that pyrotechnic devices with 
redundant squibs can be fired simultaneously. 

3.6.2 Obits Descriptions 

3 .6. 2.1 Coaaand Processor - The CP is the aain element in 

the coaaand sobsystea. The CP receives a PCB/PSK 
subcarrier froa the transponder in the 
coaaunications subsystem and relays control 
signals to the COBs to provide both discrete and 
quantitative coaaands to subsystea and scientific 
instruaent users. A shift register aeaory is 
provided in the CP which holds a aaxiaua of 128 
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entries so that aommands and tine delays can be 
stored and then executed at a later tine. 

Shen essential bus power is applied to the CP 
initially , the unit will turn-on without 
generating any spurious commands. It tales from 
0 to 60 seconds for the CP to becone operational 
after the essential bus power is applied, due to 
the cyclic fuse in the CP (Refer to Section 
3. 6. 2. 1-7) . Hben power is applied to the CP, the 
SCL remains OFP until commanded OB; receiver 
reverse logic configuration vill be randoa. 

The rajor functional components of the CP, as 
shown in Piguxe 3. 6. 2. 1-1, are the FSK 
demodulator, stored command logic, receiver 
reverse logic, real time processor, telemetry 
logic, output control logic and power supply. In 
the following sections, these components are 
described. 

3. 6.2. 1.1 FSF, Deaodulatot . The FSK demodulator provides 
the interface with the communication subsystem 
for uplink real-time command processing. Each CP 
contains a single FSK demodulator that is 
connected by a three wire interface to a single 
transponder; there is no cross-strapping between 
transponders and demodulators. The FSK 
demodulator is selected by freguency-selection of 
the spacecraft transponder connected to it. 

Either of the two redundant CPs can be selected 
for processing the output of either of the 
redundant FSK demodulators by use of the address 
bit iu the uplink command format; i.e., there is 
cross-strapping between the FSK demodulators and 
the central command processing portions of the 
real-time processor of each CP. The central 
portion of the CP provides power from the 
essential bus and a 1024 Bx timing signal to the 
PSK demodulator. 

The input FSK command subcarrier is converted to 
a return-to-zero (RZ) data output, a bit timing 
clock and a sync code verification pulse. These 
three signals are used internally in the CP and 
are also cross-strapped to the redundant CP. The 
PSK command subcarrier consists of tone 


3.6-ft 



Section lo. 3 -6 . 2 , 1 . 1 

Doc. io. PC -403 

Orig. Issue Dote 5/22/78 
B avis ion Ho. _ 


$ 


Bevision 


frequencies of 100 Hr and 250 Hz, representing 
logic zero and logic one data respectively. The 
hit rate of the PS K input is 4 bits per second. 
The deaodulator also receives a transponder in- 
lock signal froa the transponder that indicates 
when the transponder is phase-locked to an uplink 
carrier. If this signal is a logic zero (i.e., 
no carrier), the deaodulator is inhibited froa 
detecting the uplink sync pattern, and 
consequently, the sync code verification pulse 
output, to the era will be a logic zero. The sync 
code verification output provides a pulse to both 
CPs after a valid 13-bit sync code has been 
detected . 

ks shown in the functional block diagran in 
Pigure 3. 6. 1-1, the PSK subcarrier signal is 
first applied to an inpat amplifier stage. The 
amplifier drives 3 bandpass filters, one tuned to 
the logic zero subcarrier tone, a seoond tuned to 
the logic one subcarrier tone, and the tLird 
tuned to the 1400 Hz noise reference. The output 
of each filter is rectified through a precision 
half-wave rectifier that gives both a negative 
and positive output. The positive output 
associated with the "1” filter is sunned with the 
negative output associated i ith the "O' filter in 
a conventional anplifier sunning stage. Pro* 
here, the output of the anplifier is fed to a low 
pass filter that drives a hard liniter which 
converts the positive and negative voltages into 
TTL levels. The resulting lioiter output is 
sanpled and tenporarily held in a flip-flop 
before being clocked out to the real-tine 
processor by the bit synchronizer . 

The negative outputs of both the "1" and *0" 
filter/ rectifiers are sent to the PSK deaodulator 
squelch circuit along with the output of the 
noise filter. The squelch is a conparison 
circuit that con paras the energy in the noise 
filter bandwidth to the total energy in the two 
tone filter bandwidths in order to determine 
whether a subcarrier is present or not. The 
noise filter is an active two-pole filter with a 
center frequency of 1400 Hz. Since the noise 
input to the tone filters is a function of the 
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inpat signal strength to the transponder, the 
[ output of the noise filter is used as the 

I reference to determine if a signal is present or 

not. This necb~.iin.zati on is called a variable 
threshold sguelch. The output of the noise 
filter is sent to rectifier and integrator 
circuits before being compared with the 
integrated output of the tone filters. The 
comparator circuit provides an enable signal to 
k the bit synchronizer when a signal is present and 

- inhibits the bit synchronizer vhen there is no 

s a be arrive inpnt. The status of the sguelch 

* state is provided in teleaetry by CDHD1S for CPI, 

and CMD25 for CP2 (6 logic *1" indicates the 
denod is unsgoelched , and a logic ”0” indicates 
that the denod is sguelched) . The performance of 
(* the sguelch circuit is a function of uplink 

received signal strength. Por an input level of 
-110 dBn or greater, the PSK denodulator tiill 
l renain "unsgoelched" indefinitely in the absence 

. of a suberrrier. However, for lover signal 

strengths the PS& denodulator will "sguelch" vhen 
the subcarrier is resoved (i.e., the uplink 
connand is coapleted) as a function of signal 
level. The characteristic of the sguelch circuit 

- is given in Pigure 3.6. 2. 1.1-1. 

The clock that is used to output the data froa 
the PSK denodulator is generated by the bit 
synchronizer. The bit synchronizer receives a 
1024 Hz square wave froa the output control logic 
and divides it to a 4-bit per second variable 
phase clock. The phase of the clock is set 
during the aeguisition tine. At the beginning of 
a co r 'iand sequence, a preamble of 48 bits of 
alternating logic ones and zeros nust be 
transmitted. After squelch is released, the 
first zero-to-one data transition froa the hard 
liniter resets the bit synchronizer to a phase 
which will cause the data flip-flop to be clocked 
at the optiaua saaple tine. The phase of the 
clock is automatically adjusted in either 
direction to an accuracy of one-sixteenth of a 
bit tine as required by the inconing data. After 
initial resetting of the bit synchronizer, the 
positions of the transitions in inconing data 
tilth respect to the phase of the clock are 
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constantly monitored, is long as tbe transitions 
tall within a given time "window”, the timing 
will remain anchanged. If a data transition 
occurs before or after the window, tbe clock 
phase will be shifted by one-sixteenth of a bit 
time in the appropriate direction to maintain 
optima bit timing . This process will continue 
for tbe duration of a command sequence . 

3.6 .2. 1.2 Beal lime Processor . The FSK demodulator 

transmits HZ data, a ft Bz clock and tbe sync code 
verification poise to the Beal Time Processor 
(BTP) • These signals are received by the BTPs of 
both CPs, but only the CP that detects the 
appropriate address bits processes the data from 
the active FSK demodulator. 

Before the BTP will begin processing the incoming 
uplink command, (either a real time comaand or a 
command intended to be stored for later 
execution) the sync code verification pulse must 
be received from an active FSK demodulator . 
liter the sync code verification poise is 
detected, the incoming command is simultaneously 
loaded into a shift register, fed to the address 
check logic and fed to the polynominal code check 
logic. From the uplink command format given in 
Figore 3. 6. 1-1, it can be observed that bits 13, 
14 and 15 contain the spacecraft and CP address 
information. The BTP performs two address checks 
on these three bits, if the first address check 
detects an error, the input control logic is 
reset on til the next sync code verification pulne 
is received. It this check, there is no 
telemetry indication that the command was not 
accepted. The second address check is performed 
when the last bit (i.e., bit 47) of the command 
is loaded into the shift register. It this time, 
the polynomial code check is also completed. 

Once th<d shift register is loaded, the polynomial 
code check and two address check states are 
examined. If no errors are foond, and the 
command is to be rooted to a COB, a processing 
poise is sent to the output control logic, if 
the command is to he rooted for storage, the 
command is rooted directly to the SCL. If either 
the polynomial code or second address check is 
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false* u reject bit (logic ■!*) Is sent to 
telemetry (i.e., CHEJX3* where X =■ 1 for CPI and 
X 35 2 for CP 2) . Tbe reject bit does not prevent 
the processing of subsequent couands, and if can 
be reset by the CP C0SPI6DBE quantitative coaaand 
(CPCQ1 for CPI * or CPCQ2 for CP2) . Bhen all 
checks are satisfactory* a counter in the 
telemetry logic is incremented by one and the 
current count is provided as telemetry output 
CCHDXC, where X vas defined previously . 

The timing in tbe CP is designed to accommodate 
real tine and stored command elocutions nearly 
siaoltaneoasly . The wain clock generates 6 Hz 
(i.e.« 62.5 asec half period) tine slots that are 
assigned alternately to real tiwe and stored 
coaaand processing. Bit 16 in the nplink coaaand 
tonat is used to determine whether the output is 
to go to tbe output control logic or stored 
coaaand logic. If the data are transferred to 
tbe output control logic section* the BTP adds a 
■redundant code check* bit to the outgoing word 
to indicate whether the inforaation is valid or 
invalid* i.e.* to indicate that the data bits 
have not picked op an error in transmission . Tho 
output control logic responds at the proper tiwe 
to the processing pulse from the BTP by sending 
back to the BTP a high speed output clock pulse 
(generated in the output control logic for the 
purpose of transferring in data) to start the 
output process at the start of the next real-time 
time slot. 

3 .6.2. 1.3 Stored Command Logic . The Stored Coaaand Logic 
(SCL) consists of the coaaand memory* memory 
control logic and configuration control logic. 

The SCL provides the capability for spacecraft 
control when real-time commands through the BJ 
uplink are not available. Any coaaand that can 
be executed from the ground in real-tame can be 
stored in the coaaand senary and executed under 
control of the SCL. All stored coaaand sneaotics 
carry* as a sixth »lphancnerxc* tbe letter "A” 
for CPI* or the letter *B B for CP2 . Sequences of 
conandc with predetermined time delays can be 
executed by prog ramming the coaaand armory with 
both co a Baud data and tiae delay inforaation. 
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The coaaand eo aory is a 3072 bit shift register 
organised as 128 words (each word a coaaand or c 
time delay) of 24 bits each (i.e., bits 17 
through 40 of the uplink coaaand foraat) . Bit 16 
of the uplink coaaand foraat is used to select 
the coaaand aecory and bit 17 specifies whether a 
coaaand or tiae delay (CBTQl for CPI; CHTQ2 for 
CP 2 for a tiae delay coaaand) is being 
trsnsaitted to the coacaad aeaory. The tiae code 
contained in the tiae delay word is 23 bit longs 
and is decremented at an 8 Hz rate {i.e., in 125 
Billisecond i.icreaents) until zero is reached, at 
which tiae the next 24 bits are read froa the 
aaaory. Bach tiae delay word can be coded to 
provide tine delays froa 125 Billiseconds to 291 
hoars with a resol at ion of 125 Billiseconds . 

Tiae delay words can be prograaaed consecutively 
in aeeory. Si ice the alternating real -tiae and 
stored coacand processing slots are 62.5 
Billiseconds in length, the aaxiauB rate at which 
words {coanands or tiae delays) can be executed 
froa the coaaand aeaory is one per 125 
Billiseconds . 

The SO. provides several other functions in 
addition to the execution of stored commands and 
tiae delays. These are load, verities lion and 
coBiand aeaory operational functions. Section 
3.6. 3. 2 describes the operation of the SCL and 
the SCL state diagraa. 

The SCL in each CP is designed so that a failure 
of one SCL will not interfere with the operation 
of the other SCL An SCL OFF discrete coaaand 
(HBIIjP for SCL 1 and n EH 2)7 for SCL 2} is provided 
to turn off the SCL in case of a failure of the 
configuration control logic. 

3 .6 .2.1.4 QatPat Control Logic . The Output Control Logic 
receives inputs froa the real -tiae processor and 
SCL. To start the output process, the SCL or 
real-time processor transmits an enable flag to 
the ontpnt control logic to indicate that it 
dt sires to he serviced. At the beginning of the 
proper tiae slot (i.e., real- tiae for the real- 
time processor or stored for SCL), a signal is 
sent froa the inpat select logic in the output 
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rout col to the output. lit register of the real- 
time pr oca sr or or SCL. The Oatput Shift Begister 
(OSS) in tha oatput control logic sands a clock 
to the real-time processor or SCL to allow the 
intonation to be loaded in the output shift 
register. The oatput control logic generates the 
real-time and stored command processing tiae 
slots for the CP. 

ahen the COB address portion of the word is 
loaded into the OS H, it is sent to the output 
decoder to determine which COB is to receive the 
information. Once the COB is selected, a 2 
Billisecond introduction poise is seat to the 
COS . During the introduction, the input word is 
loaded into the OSS. She check hit at the and of 
the input uord is then s as pled to determine if 
the cob Band data bits are valid, it the check 
bit is false, the output process is tersinated. 

The control bit contained in the uplink format 
that specifies whether the coaaand is discrete or 
quantitative is then interrogated, when this is 
complete, the logic is set within the 0S8 to 
shift out reformatted data to the Banchester 
encoder. These data then go to the output 
decoder stage where it is routed to the selected 
COB output buffo. 

3. 6. 2. 1.5 Beceiver Beverse Louie . The Beceiver Reverse 

Logic (BBL) is used to automatically switch the 
antenna connections to the spacecraft receivers 
and select the oani antenna nominally every 3b. 4 
hours ±14 sec. This is necessary to maintain 
control of the spacecraft in the case of a 
receiver failure when communication to the 
spacecraft is through an anteana connected to the 
failed receiver. The status of the tine code 
stored in the BBL timer is given in 9.1 hour (±4 
sec.) increments by two bits, bits 6 and 7, of CP 
status word 1, which is telemetry output BBE7XC, 
where X mas previously defined. 

The BBL accepts an internal 4 Hz clock and counts 
2 s * periods (i.e., 36.4 hours) before executing 
the receiver reverse functions. The timer is 
reset when power is applied to the CP and 
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whenever a valid cob Band is received bj either 
j CP. Dnder norcal conditions, there is no way to 

defeat the operation of the liner. When the 
k. liner runs out, two poises will always be 

^ generated, one to select the oani and one to 

•< reverse the position of the BP switch that 

controls the antenna connections to the 
t receivers. 


i 


1 


l 

) 

J 


The poise generating circuits are activated by a 
transition on the ti»er outpot or fros the CP 
C0KFI6DBZ quantitative coaaand osed to control 
the BILL. then a noraal or reverse pulse is 
received froa the configuration control as a 
result of the quantitative coaaand, the selected 
state is set and a noraal or reverse pulse is 
generated. In this case no select oani pulse is 
generated. When the tiaer goes to zero, a select 
oani pulse is generated; and, if the BEL is in 
the normal state, a reverse pulse is generated 
and the BRL enters the reverse stat®, and vice 
versa. The state of the RBL is provided to 
telemetry as bilevel signal CBBVXS, where X vas 
defined earlier. 

3. 6. 2.1.6 Te legate? logic . The telemetry logic provides 
the CP status and coaaand memory data to the Data 
Input Modules (DI3s) for insertion in the 
teleaetry data strsaa. The states consists of 
four serial digital data words shifted oot on 
four different lues in response to DIB read 
envelopes and a clock and two bilevel teleaetry 
outputs. The serial digital data words are 
updated continuously until they are read into the 
DXBs. The contents of the coaaand seaory can be 
verified by one of these serial digital data 
outputs by using the coaaand aeaory readout 
format and placing the SCL in the read state 
(refer to Section 3. 6. 3. 2) . Table 3.6 .2 - 1 .6-1 
shows the word formats for the four serial 
digital words. See Appendix 1 for further 
details. 

3. 6. 2. 1.7 Power SuppIv . The power supply for the CP is a 
non— cobb an da hie supply . The f auctions performed 
by the power supply are generation of secondary 
voltages for the £P and COfls, current Halting, 
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undervoltage and overvoltage detection and 
shutdown, power strobing end cyclic power control 
for overcurrant conditions. The undervoltage and 
overvoltage set points are beyond the 0?/OL 
limits for the Bain bos lines; the latter will 
trip before the former will. 

When in overcurrent condition (i.e., current > 

660 ailliamperes x2QS) is detected, the cyclic 
power control circuit turns the power supply off 
within approximately 1.5 seconds. The power 
supply resains off for approximately 60 seconds 
and then it is turned bach on. It the 
overcurrent conditions remain, the power supply 
is again turned off in approxiaately 1.5 seconds. 
This cyclic action rewains as long as the fault 
reaoias; once the fault is cleared the power 
supply remains on. 

3. 6.2. 1.8 internal Cob B and Besponse . The CP receives both 
quantitative and discrete coawands fro* the COBs 
to control the configuration and operation of the 
nnit. The following sections describe the 
internal response of the CP to the different 
coawands received. 

3. s. 2. 1.8.1 a ^ ft U^n i^.c 9 , w Ra tcepai. 

CPI; CPC Q 2_ tor CPii - The 16-bit quantitative 
cobs and (i.e., bits 25 through 40 of the uplink 
coe* a ad format) used to configure the CP is 
shifted into a register in the configuration 
control logic in the SCL. Bits 33 through 40 of 
the quantitative eoanand word are decoded and 
processed by the configuration control logic; the 
other 8 bits are not used. The verification 
pulse at the end of the quantitative couaand is 
used to initiate this processing. Two of the 
bits (bits 39 and 40) are used to select the CP. 
It iv desirable to code bits 39 and 40 so ns to 
select "either" command processor (code 11) . By 
selecting the "either" code it will not be 
necessary to Batch the CP select code (code 01 
for CPI and code 10 for CP2) in bits 39 and 40 to 
the CP selected by bit 15. If the CP is not 
selected (code 00) , no further processing is 
done. Hoeever, if tbo CP is selected, the other 


3.6-12 


■- IT 




■ * H 


I 



Section Bo. 


3.6. 2.1 ,8 


DOC. 

orig. 


*o- ..re.^fc 

Issue Date 


Bevisioa Bo. 


Revision 


bits are decoded and used to control their 
specified functions. 

Two bits of the -juantitative command (bits 33 and 
34) are decoded to provide a pulse to clear the 
coaaand counter and reject status flip-flop in 
the telemetry logic (i.e., code It) or, to 
control the receiver reverse functions in the 
receiver reverse logic. Bither the normal oani 
antenna/receiver configuration (code 01) or the 
reverse oani antenna/receiver configuration (code 
10) can be selected. Bhan a normal or reverse 
pulse is received froa the configuration control 
logic, the receiver reverse logic will generate a 
normal or reverse coaaand, depending upon which 
is commanded. These commands are routed to 
switch drivers in the communications subsystem to 
select the desired oani antenna/receiver 
configuration. 

The other tour bits of the quantitative coaaand 
(bits 35 through 38) are decoded by the 
conf igurat ion control logic to produce SCL 
control ooaaandB. Three of these coaaands (SCL 
CLBAB/OM (STOBCSD = CL EH 1 or CLEB2) , IHDEX 
(STOBCHD = IHDX1 or IBDX2) and SCL OFT (STOBCBD = 
OFP1 or OFP2)) are generated by the configuration 
control logic. The other commands are used to 
configure the SCL to various operation states 
(see Fxgure 3. b. 3.2-1, SCL State Diagram) . These 
commands are only partially processed by the 
configuration control logic, signals are sent 
froa the configuration control logic to the SCL 
control logic where processing of the SCL state 
coaaand is coapleted. 

Xs shown in the SCL State Diagram, state changes 
in the SCL are not only dependent on incoming 
commands, but are also affected by the present 
SCL state and other signals such as the 
separation switch and the 409b second clock. 
Allowable state changes are stored in a Bead Only 
fieaory (BOB) in the SCL control logic. Bach BOB 
location contains four bits representing an SCL 
state. The BOB address is determined by the 
command froa the configuration control logic, the 
present SCL state, and other control signals. 
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The state can only change at tho beginning of an 
SCL tine slot. After the tine slot ends the nev 
state is selected ny reading the content of the 
BOB at the specified address. This nay or aay 
not be the state specified in the coaaand, 
depending an the allowable state changes in SCL 
operation. 
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The SCL CLEAB/OV, LBDBX, and SCL OPP coaaands are 
decoded by the configuration control logic and 
processed daring the werification poise tiee of 
the quantitative coaaand. The CLEAB/08 coaaand 
sets a latch which controls the SCL power and 
triggers the initial condition circuit. These 
circuits are also In the configuration control 
logic. The CL RAH/ OB coaaand turns on power to 
the SCL ana dears the aeaory . If power is 
already on, the aesor? is just cleared. The OPP 
coaaand resets the latch which controls the SCL 
power and thus turns off the SCL power. The 
ISDBX coaaand as routed to the aeaory control 
logic and advances the aeaory until the first 
aeaory slot is at the shift register output. 
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3. 6. 2.?. 8. 2 SCL PPP Discrete Coaaand . The SCL OPP coaaand 
(i.e.i BBBi?) is a discrete ccaaand provided as 
a backup to the SCL OFF coaaand provided in the 
quantitative coaaana for configuring the SCL. 

This coaaana is routed through an input buffer m 
the configuration control logic to the latch 
which controls the SCL power. This coaaand will 
reset the latch and thus coaaand SCL power OPP. 

3. 6. 2. 2 Coaaand Output Bodale . The Coaaand Output Bodul© 

(COB) provides a standardized coaaand interface 
to all Bubsystea and scientific instrument user& 
There are six (6) CO&s on the Bus spacecraft and 
a seventh on the Large Probe. Power, grounding 
and control signals are provided to each COB frcs 
both CPs . Each COB distributes four (4) 
quantitative coaaands and 64 discrete con wands to 
spacecraft users. Each quantitative coaaand 
consists of a dock, envelope and data line, k 
backup discrete coaaand input is provided to each 
COB to ccaaand it off in the event that a failure 
occurs that causes the poser to reaaio on after 
the cos pie tioa of processing a coaaand; the unit 
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is normally power strobed through the control 
input . 

The COB has only tvo operating codes: standby and 
processing, The power dissipated by the COB is 
1.6 cilli watts (naxifiua) daring standby and 1.1 
watts (maximus) during processing of a command. 
k true off state without power consumption does 
not exist in the COS . In addition, there is 1.6 
ailliwatts daring standby and 1.0 watts during 
processing that is dissipated within the CP aue 
to the inefficiency of the power supply. The COB 
OPP cob ■ and is iaplemented to insure that au 
internal logic failure would not Maintain a 
continuous 2.1 watt (Bazinas) load on the 
battery. The addition of this coaaand permits 
the COB to be returned to the standby aode. In 
the event the COB has to be commanded olf, that 
OPP coaaand is sent through a different COB. (A 
COB that is hung up in the “OH" state nay process 
coaaands noraally, depending on the nature of the 
failure, but will be an undesirable steady state 
load. Certain failures could preclude the 
further use of the COB) . There is no direct 
telemetry indication that a COB has failed in the 
processing aode. This type of failure can be 
investigated by sending a feu operationally safe 
coaaands to tne suspect COB and monitoring the 
associated telemetry for fhe expected responses. 

A failure to respond to all the coaaands sent is 
a positive indication that at least a segment of 
the COB is no longer usable. 

The input control word to the COB consists of an 
introduction, data and a turn-off sequence . The 
m troa action consists of a logic “I 0 level for 
approximately two Billiseconds. This permits the 
power strobe circuit to turn power on for initial 
conditions to be established and for the 
oscillator to reach steady state. After the 
introduction ends, the data input begins and is 
sent to the mancbester decoder. The oaf put of 
the aanchester decoder is shifted info a shift 
register in BBZ fora. 

The control logic then determines from the 
control bits in the shift register whether the 
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co as and is discrete or quantitative. If the 
co ns and is discrete, the output line address is 
decoded and the output is transmitted when the 
hyperpulse is received. For a quantitative 
command , the sixteen data bits are transferred to 
the correct quantitative conaand output. The 
control logic generates tho envelope and clock 
signals from the a an Chester decoder and gates 
them to the output. The COB shuts down after the 
last bit of the quantitative command or removal 
of hyperpulse for a discrete command. During 
processing, checks are Bade in the control logic 
and aanchester decoder circuits. If a data 
transition does not occur at the proper time, the 
parity check fails, or the hyperpulse arrives 
early, the output will be inhibited. 

At the end of a quantitative command, a verifi- 
cation pnlse is sent as part of the output. This 
pulse indicates that the correct quantitative 
comoand length vas transmitted from the COB to 
the user. For a quantitative conaand, if the 
length of the com and is different than 1b bits, 
the incorrect number of bits will he sent to the 
user without the verification pulse. 

3. 6. 2. 2.1 Internal Command Response . Bach COB receives one 
discrete command, called the CQH OFF consand, via 
a different COB. to turn the C05 off in case it 
does not reset from the process command mode 
(i.e., continuously ON state). The command is 
given by COBXjy for the Bus spacecraft, where X = 
1, 3 and 5, and LCBIjf for the Large Probe. When 
1*1, the command tarns off COBs 1 and 2, when I 
* 3, the command turn off COBs 3 and 4, and when 
1 = 5, the command turns off COBs 5 and 6. 

The COB OFF command is routed to an inpnt buffer 
configured to operate in the memory mode. In 
normal operation, the inpnt signal from the CP 
will tarn anil power OB and latch the inpnt 
buffer OB. At. tne completion of command 
processing the latch is turned off by a signal 
from the control logic. The COB OFF command is 
provided as a backup to turn the latch (and thus 
power) off in case of a failure in the control 
logic. 
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3.6 -2.3 pyreiechnic. Control. On it . The Pyrotechnic 

Control Onit (PCD) is used to provide firing 
pulses for spacecraft pyrotechnic devices. The 
PCD receives a standard 35 ±4 Billisecond pulse 
froa the COBs and current amplifies the pulse to 
a ainiaun of five amperes into a 1 ±5* oha load. 
The output current pulse is of the saae duration 
as the input pulse. The Bus spacecraft contains 
tvo identical PC Os. 

Each PCU consists of tvo fully redundant halves. 
In each half there are three squib drivers each 
with three outputs. A sguib driver is activated 
by first sending an an coaaand and then 
following it with a fire coasand. One ara 
circuit enables one squib driver and a second ara 
circuit enables the remaining tvo squib drivers. 
Bach PCD contains an autoaatic disara which 
disarms the PCD IB .5 ±4.5 seconds after it is 
araed. An an delay circuit is also included 
that delays the arming of the PCD for 4 ±2 
seconds after reoeipt of the art coaaand. 

These tiaing relationships are shoun in Pigure 
3. 6.2. 3-1. 

The fully redundant structure of the PCU enables 
tvo independent signals to fire one redundant 
squib. A single coaaand froa a COB is cross- 
strapped to a squib driver in each half to tire 
both halves of redundant squibs siaul aneonsly. 
The firing simultaneity for this configuration is 
less than 250 microseconds . 

3. 6. 2. 3.1 Internal Coaaand Response . The PCU receives 
three different types of discrete cocaands, i_e. f 
ABB, F1BE and DISABB. The internal response to 
these commands is described in the following 
lections . 

3. 6. 2. 3. 1.1 PCU ABB Discrete Coiaand . The PCD ABB (i.e., 

OB D 11 or 0RDA7; UBD13 or OBDA3; OBD2 1 or 

OBDB 1 ; 0BD22 or 0BDB2) coaaand is used to 
provide power to the squib drivers so that a 
subsequent FIE K coaaand will fire the associated 
squibs. Froa the receipt of the AhB coaaand. a 
timer in the PCD delays arming of the squib 
drivers by 4.0 ±2.0 seconds and disarns the 
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drivers after IP .5 ±4.5 seconas. The F IBB 
co u and Bast be received between these events if 
the aquiba are to be fired. (100% assurance of 
P1B1BG is obtained if the FIBS cob Land is 
received between 6 and 14 seconds after the ABB 
conand is received) . The ABB coanand is routed 
to both redundant sections of the PCD . 

The ABB oouand is amplified to the level 
required in the PCD by a discrete input buffer. 
The output of this buffer will set a switch which 
supplies 28 volts to the associated ara/disara 
switch and resets the switch which supplies 28 
volts to the other ara/disara switch. The output 
of the discrete bQffer also starts the tiaer in 
the PCD. After a delay of nominally 4.0 seconds 
a signal froa the tiaer will activate (ara) the 
selected ara/disara switch which will apply 
battery voltage to the associated squib drivers. 
After a total uexay of noainally 18.5 seconds a 
signal froa the tiaer sill dxsara the arm/disara 
switch and thus raaove battery voltage froa the 
squib drivers. 

The two PCD ara coaaands are interlocked. If one 
■ara" circuit is energised ( i . o , relay closed) , 
sending a coanand to the second "ara* relay will 
ara it, but will "disara* the other ara/disara 
relay. In other words, both ■ara* relays cannot 
be closed at the saae tine (Beference: 1.5.18) . 

3.6. 2. 3. 1.2 - The PCD PIBB 
(l.e., 0BD12 or OB DA 2; ORD14 or OBD&4; 0BD15 or 

0BD16; OBD23 or QBDB3t OBD24 or OBDB4) coaaand is 
rented to the squib drivers through an input 
buffer. Power will only be supplied to the input 
buffer and squib driver when the associated 
ara/disara switch is arsed. The squib driver 
aapllfies the squib fire coaaand and is capable 
of supplying current to fire three squibs. If 
the coaaand is to fire redundant squibs, it is 
connected to two input buffers by wiring external 
to the PCU. 

3. 6. 2.3. 1.3 ■ The PCU DISABB 
(l.e., 0BD1JF or OSDA?) for PCD 1; OBD2J7 or 

0&DBJ9 for PCD 2) coaaand is provided as a 
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backup for the D1SABH coaaand generated by the 
18.5 second tiner in the PCD. This coaaand is 
routed through an inpat baffer to the ara/disarn 
switches. If the timer fails to disara the 
ara/disara switch, this conand will disara the 
switch and thns remove battery voltage froa the 
squib drivers. The DIS&RH coaaand is routed to 
both redundant sections of the PCD. Tne DISAHB 
coaaand cannot truncate the 18.5 second tiaer 
count (i.e. f disara prior to completion of the 
noainal 18.5 second delay) when the tiaer is 
functioning properly . 

3.8.3 Operational Description . The following sections 

describe the operational usage of the coaaand 
subsystem, including real-tiae coaaand, stored 
coaaand and pyrotechnic device operations. 

3 .6. 3.1 Beai-Tiae Command Operations . All real-tiae 

coaaand operations with the spacecraft are 
through the BP uplink. & pcb/psk/ph uplink 
carrier is transmitted to the spacecraft 
receivers. The spacecraft contains two 
transponders; each contains a frequency 
addressable receiver. The receivers deaodulate 
the uplink carrier and provide an PCB/FSR 
subcarrier signal to the PSK demodulator in the 
CP. Bach receiver is connected to one PSK 
demodulator without any cross-strapping. The 
output of each PSK deaodulator is cross-strapped 
to the centxal coaaand processing circuitry in 
each CP. Consequently, either CP can be used to 
process real-time commands. 

Commands are sent to the spacecraft at 4 bps 
using the 48 bit coaaand format given in Pigure 
3. 6. 1-1. Prior to sending the 48 hit coaaand 
word, a 48 bit preamble oast be sent to 
synchronize the PSK deaodulator with the incoming 
coaaand. The preamble should be an alternating 
pattern of logic and logic "0* waes in 
either order, i.e., 1010 ... or 0101 ... The 
logic "1" tone is 250 Hz and the logic “G" tone 
is 100 Hz. After the initial preaable is sent to 
the spacecraft, the PSK deaodulator will reaain 
synchronized if the tone frequency is changed a 
ainiaum of once in every 48 bit tines. 
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Therefore, if 48 bits of logic ■1“ tones are sent 
folio**'* by 48 bits of logic 8 0" tones, and this 
pattern repeated continuously, the cosnaud 
word nay be sent a it ho at preceding it with the 
preamble. Co* ever , when a coaaand is traasaitted 
it is necessary that the first bit of the coanand 
be started within 1/16 of a bit tise of the idle 
bit transition tine or the PSS denodulatcr will 
go oat of synchronization. Therefore, the FSK 
deaodulator will remain locked-up for 48 bit 
tiaes without a transition in the tone 
frequencies, and once loci is lost the preasble 
Bast be sent prior to transnitting another 
oouaad word. 

The 48 bit coBBand format consists of a 13 bit 
fired sync pattern, 28 bits of address 
information and coaaand data and seven bits of 
coding for the polynomial code check performed by 
the CP. The 13 bit sync pattern is given in 
Figure 3. 6. 1-1. The seven polynonial code bits 
aie generated frost the 28 data bits and are a 
function of the contents of these bits. The ABC 
coBBand software automatically creates this seven 
bit code and attaches it to the end of the 
coBBand word. The CP decodes these seven bits 
and uses this inforaation to determine if an 
error in transmission has occurred in the 26 data 
bits received by the CP. This procedure detects 
randoa errors of any of the following types: 
single bit, double bit, odd nuiber of bits, all 
bursts of length seven bits or less, 96. 4ft of 
bursts of length eight bits and 99. 2£ of longer 
than bursts of length eight bit randoa errors. 

If an error is detected by the CP, a coanand 
reject flag is set in CP telemetry output CB£JXS, 
where X equals 1 for CP 1 and X equals 2 for CP 
2 . 


The spacecraft and CP address information is 
contained in bits 13, 14 and 15 of the coaaand 
format. To select the Boltiprobe spacecraft, a 
*00* code Bust be placed in bit .ocations 13 and 
14. The selection of the CP us id to prooeas the 
uplink coaiand word is accoaplirhed by bit 15. A 
• 0 “ in tais bit position selects CP 1 and a *1* 
selects CP 2 o In the shelf layout given in 
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Pigure 3. 6. 1-2, CP 1 is the botton anit. is a 
further re Binder, the PSK demodulator in either 
CP is connected to a transponder that is 
frequency-selected, vhereas the reaainder of each 
CP is selected by bit 15 of the coaaand word. 

Bit 16 is osed to specify whether the coaaand 
word is to be executed in real-tine or stored in 
the coaaand aeaory to be executed at a later 
tiaer If this bit is a logic "I", the coaaand 
wall be executed l mediately and if it is a logic 
■0", the following 24 bits will be stored in the 
coaaand memory. Beforo sending a coaaand to the 
aeaory, the SCL aust be commanded to state 14 
(Loading) or the coaaand will be ignored. 

For real-tiae co KBauds, bit 17 can be either a 
logic *1* or a logic •0“ (i.e., "don't care") 
because this bit is used to specify whether the 
following data bits contain a tiae delay or 
coaaand in tors at ion in the stored coaaand foraat. 
If coacands are sent to the SCL and a logic "0" 
is selected, the data will be processed as a ti»i. 
delay, but if a logic *1" is selected, the data 
will be taken as coding for a coaaand. II tiae 
delay information is entered into the coaaand 
word, the following 23 bits (i.e., bits 1b 
through 40) are used for coding the tiae delay. 
Phe 23 bit code for the tiae delay is the binary 
representa ti on for the desired tine in increments 
of 125 Billiseconds plus a bias of 125 
Billiseconds. Therefore, binary 0 is equal to 
125 Billiseconds, binary 1 equals 250 
Billiseconds , etcete*.;' Ihe binary ouaber is 
loaded LSB first, so that bit 18 in the cobaaad 
foraat is the LSB and bit 40 is the HSB. Ihe 
telemetry aerification of vhe aesory contents 
(i.e., CELBU) will be read out LSB first for the 
tiae delays as loaded. 

The required tine delay between two events can be 
calculated by using the following general 
equation : 
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©here: 

t * desired tier delay between events 
la eecoads 

n * a 2 - 

a-) = B«aory location (slot nuaber) of 
the coaauad entry froa which tiae 
delay begins 

n 2 - aoaory location (slot nueber) cf 
the coaaand entry being tiaed. 

1 

Coaaand ABC in slot 5. 

Coaaaad XIZ rn slot 7. 

Desire 10 seconds delay between coaaands: 

I c 8t - a 

= (8 l 10) - (7-5) 

- (80) - (2) 

T » 78 

78 1? » 1001 110 2 

Therefore the 23 bits of coaaaad data ia the 
coaaand word are 

011T0010 000000000000CQO 

t 4 

bit 16 bit 30 

B&en bits 18 to 40 are used for stored coaaaad 
Information (bit 17 =■ “i ■) la the stored coaaaad 
foraat, these bits are structured to provide two 
types of coaaaads - discrete and quantitative. 
Bit 22 Is used to select either a discrete 
coaaaad (i.e., logic "0") or a quantitative 
coaaand (i.e., logic ■I") . Por discrete 
coaaaads, bits 18 through 21 select the COB to 
which the- coaaand is to be routed and bit4 35 
through 40 designate t.,Q COB output allocated to 
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the user connected to the COB. These two sets of 
codes are conventional binary representations tor 
the decisai nuBb'r placed on these locations; 
i.e. ( COB b to COB 7 is specified as 0000 to 0717 
and COB outputs 0 to 63 are coded a3 000000 to 
1111 Vi. COB 0 is a fictitious unit for sending 
an all zeroes test co&nand to the spacecraft. 

COB 7 is located only on the Large Probe 
spacecraft, but for the Hultiprobe spacecraft (as 
well as the Or hi ter spacecraft) , it is used for 
sending an a^l ones test coaaand. Output 63 to 
COB 7 is not assigned to any user on the 
Hultiprobe spacecraft. Bits 23 to 34 are all 
zeroes for discrete cosaands. 

When a quantitative conmaad is deferred, bits IB 
to 2 1 also select the COB, but bits 23 and 24 are 
coded to specify the COS quantitative coaaand 
output, i.e., COB output 0 equals 00 and COB 
output 3 equals 11. Sixteen bits ar? allocated 
to code the gneatitative data in the coaaand. 
These data bits are in locations 25 through 40. 
The allocation of these bits in the quantitative 
coasands to each of the spacecraft subsystea 
users is specified in PC-455 (Reference : 

Paragraph 1.5.1). 

The tine to process a coaaand in the CP froa the 
tiae it enters the FSR denodulator to the line it 
rs sent to a COB is a aininua of -3.5 
Billiseconds and a aaxiaua of +137 Billiseconds. 
The actual tin© is randoa (unitors distribution) . 

3. 6. 3. 2 Stored Coaaand Operations . The use of the stored 

co an and capability on the spacecraft begins with 
the loading of the coaaand reaory through the use 
of real -tiae coaaands via the BP lint. The 
consand word foraat required to place coneands 
(i.e., discrete or guauf itative) and tine delays 
in the neaory was discussed in the previous 
section . 

The operational use of the coaaand neaory is 
centered a re end the state diagraa lor the SCL. 

The SCL consists of the configuration control 
logic which processes coaaand inputs to the SCL, 
the control logic and the coaaand aenory. Figure 
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3. 6. 3. 2-1 presents the coaplete SCL state 
diagram. In order to describe the use of stored 
cobb ands on the spacecraft, a detailed 
explanation of the SCL is presented in the 
following sections. 

3. 6. 3. 2.1 Initial Application of bus Power and SCL OH/PFP 
Control . Shen the essential has is connected to 
the CP for the first tiae, the SCL is initialized 
to be in the OFF state. To tarn the SCL OB, the 
CP CONP1GOBB quantitative coaaand aust be sent to 
the spacecraft. The coding for the CP COHPIGUBB 
quantitative coaaand is given in PC-455 
(Reference; Paragraph 1.5.1). Subsequent OH/OFZ? 
control of th9 SCL is by the quantitative coaaand 
since the CP cannot be cosianded off. A liacx up 
discrete coaaand, SCL OPT, is also available in 
case there is an SCL failure vnich prevents the 
SCL froa being caaaanded off by the quantitative 
coaaand. however, in the case of an overcurrent 
condition that causes the cyclic fuse to turn off 
the CP, the SCL will be turned off and resain off 
after the faalt is cleared and the CP power 
supply operation resumes. For this case, the SCL 
will have to be oomandsd back on if SCL 
operations are required. The ON/OFP status of 
the CP and the SCL are provided in teleaetry 
outputs CPVBXS and CSCLXS, respectively, where I 
equals 1 or 2 for CPI or CP2, respectively. 

3. 6. 3. 2. 2 Preparation for SCL Operations . The foraat for 
the uplink coaaand word for loading coaaands and 
tise delays into the aenory is given in Pigure 
3.6. 1-1 and was discussed in Section 3. 6. 3.1. 

The steps that need to be taken to prepare, load 
and verify the aeaory contents before executing 
the sequence are given as follows. 

3. 6. 3. 2. 2.1 Turning On the SCL . To begin with, the SCL 
aust be coananded on with the CP CONPI6DBB 
quantitative coaaand using one of the two 
CLBAB/ON coaaand codes in the quantitative 
coaaand structure as defined in PC-455, 
reference: Paragraph 1.5.1. When this coaaand is 
executed by the CP, the SCL is initialized to be 
in the Standby State (SCL state 15), all ceaory 
slots read zero, and the seaory address pointer 
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will initialize at address 0. The SCL OB/OPF 
statns, state, and aeaory address are provided to 
teleaetry as CSCLX S, CLOGXS and CHBHXC, 
respectively, where X equals 1 or 2 for SCL 1 or 
SCL 2, respectively. The structure of the serial 
digital teleaetry outputs associated with the SCL 
are given in PC-954, Reference: Paragraph 1.5.2, 
and in Pigore 3.6. 1—1. Prior to turning on the 
SCL, CSCLXS should he "0*, CLOGXS should he 
■1111®, CHEHXC should he "HIHII* and CHBfSX 
should be "11111111®. The teleaetry output after 
coaeanding on the SCL should he "1“ for CSCLXS, 
“1111* for CLOGXS, "0000000* for CHBBXC and 
*00000000* for CRBaX . CSKHX is the ooaaand 
aeaory readout teleaetry channel. 

3. 6. 3. 2. 2. 2 loading . Prior to sending coaaands to the 
o«*iiory, the SCL aust he transferred to the 
Loading state (SCL state 14} . This is 
accomplished by sending the LOAD coasand code 
(0100) in the quantitative coasand. Teleaetry 
verification of CLOGXS should he *1110*. Bach 
SCL can be loaded only iron its associated 
Cosaanu Processor (i.e., there is no cross- 
strapping between SCLs and CPs regarding loading 
Of SCLs) . 


When loading the ccga&nd aeaory, the address 
pointer, CREHXC, will display the next aeaory 
location to he loaded. When the issory is full, 
the address pointer will recycle to address 0, 
and any additional inputs will be written over 
existing coaaands in the aeaory . 


After loading the desired cos sand sequence in the 
aeaory, the STAHDBS coaaand Bust be sent to take 
the SCL out of tne Loading State; no other 
cobh and will transfer the SCL out of the Loading 
State. The SCL does not autoaatically transfer 
to the Standby state when the aezory is 
coapletely loaded. 


3. 6. 3-2. 2. 3 verif lea tion . 

aeaory can be 
loaded sequence 
Read State (SCL 
is *1010*. The 


The contents of the coaiand 
verified prior to executing the 
by co*aanding the SCL into the 
state 10). In this state CLOGXS 
Teleaetry Processor (TP) Bust ba 
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tbea coaaanded into the Coataad Reaory Beaiout 
ionat for the teleeetry system to saaple the 
contents of the aeaory. The coaaands to the 
spacecraft have to be seat in this order so as to 
prevent saapling the aeaory on the first saaple 
in less than an eight bit byte. The TP and CP 
are unsynchronized so that the Head state could 
be started in the Biddle of a DU read envelope 
and could cause all subsequent eight bit bytes to 
be sieved off by the nuaber of bits contained in 
the first sanpling of the aeaory. 

In order to read the full contents of the coaaand 
aeaory, the IBDBi coa»a:,\d should be sent to the 
SCL to place the address pointer at address zero. 
The ISDEl coaaand has the doainant purpose of 
setting the neaory address pointer to zero. If 
the address pointer is not reset to zero, the 
telesetry output will begin at the address 
present when the first teleaetry saaple is taken 
and terainate when the address pointer is at 
zero. If the aeaory is sanpled and not in the 
Head State, the teleeetry output will be all 
zeroes if the SCL is on. it the coaplation of 
reading out the coaaand aeaory into teleaetry, 
the SCL autoaatically transfers back to the 
Standby state. rihen reading the aeaory, the 
letor' address pointer, G3LBIC , indicates the 
next aeaory location to be saipled . If the TP is 
coaranded out of the Conaand Beaory Beadout 
lornat prior to the coaplation of th« aeaory 
readout, the SCL should be set hack 1 v ’dress 0 

by sending the I HD EX coaaand . 

The Coaaand Besory Beadout foraat is designed to 
read out aeeory entries troa SCL 1 and aeaory 
entries froa SCL 2 in each aiaor Irate . k 
'•^leaetry word is eight bits long so it takes 
three teiesetry words to read out one aeaory 
entry into the amor fraae foraat. The minor 
ftraae foroet is divided in half with words 9 
through 3!> devoted to SCL 1 and words 37 through 
b3 dedicated to SCL 2. Therefore, verification 
of the aeaory contents is accoaplished by Baking 
a bit by bit coaparisoa of the 24 bit words sent 
to the SCL with the 8 bit telemetry word received 
in the Coaaand Beaory Beadout fora at- 
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3. 6.3. 2. 2. 4 the Contents o f SeBorv . If the 

wrong saqu anew is loaded or a new sequence is 

to be inserted into the aeaory, the CLEAB coaaand 
can be sent to the CP to load zeroes in all the 
aeaory locations. This function can only be 
accomplished fro® the Standby state, 
alternatively, the SCL can be cowaanded oft fros 
any state, and then coaaanded or with the 
Ci£Ah/DH coaaand to load zeroes into the aeaory 
slots. 

A single entry in the coaaand aeoory can be 
corrected or changed, if necessary. This can be 
accoaplished by first advancing the aeaory to the 
address location where the new entry is needed. 

To do this, the SCL Bust be conoanded into the 
Standby state (SCL State 15) and then the ADVANCE 
ana STANDS V con* an as Bust be sent in pairs to 
advance the address pointer by one step. The 
ADVABCh costs and will aove the counter, but the 
ST&KDBX cose an a is also needed to complete the 
sequence. Bfeen the SCL is advanced to the 
location desired, the SCL sust be coaaanded to 
the Loading state (SCL state 14) and the new 
entry to be transmitted can then be entered into 
the aeaory by the uplink coaaand foraat. 

This process can he very tiae consusing if a 
correction or change has to be Bade nore than 
halfway into the sequence because it lakes sore 
tise to sake a single correction tnan if does to 
reload the whole sequence again. Even lor a 
short sequence , it is less tiae consusing to 
reload the whole sequence up to the place where 
the new entry has to be sade, than to send twice 
the number of coaaands to advance the SCL to the 
required location® However, for the case of a 
Marginal BP link, it is probably sore efficient 
to make single or auitiple corrections in this 
Banner than to risk additional errors In the 
re tr a ns a is si on of the sequence. 

3. 6. 3. 2. 2. 5 Loading auitiple Sequences , h nuioer of short 
coaaand sequences can be loaded at the sa we 

tiae and executed individually by using the 
ADVANCE coaaand. for example, if the second 
sequence is needed to be perforaed first, the 
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ADVAf.CB cosa and could be used to set the aeaory 
address pollster at the address location of the 
first coaaand word in this sequence. The ADVANCE 
conn and nuect be followed by the STANDBY coaaand 
to wove the pointer one address location. Again, 
this capability only exists iron the Standby 
state. In addition, if the second sequence has 
been completed and the first sequence needs to be 
performed next, the index coaaand ran be sent to 
place the address pointer at the address location 
of the first coaaand word of the first sequence. 

3. 6. 3. 2. 3 Starting the SCI . The S CL can be started in 
three different ways; naaely, by a real-tiae 
coaaand, iron the 40 9b second clock generated in 
the TP or by the closure of the spacecraft 
separation switches. The 40 So second clock gives 
an accurate reference point for delaying the 
start of a coaaand sequence, and the separation 
switch input is used for spacecraft separation to 
start a special coaaand sequence to spin-up the 
spacecraft. The following sections describe the 
different ways the SCL can be started. 

3. 6. 3. 2. 3.1 la aed i ate Start . To start the SCL in real- 

time, the ifiSI'DIATE ST APT coBBand Bust be sent 
to the CP. The coaaand senory will begin 
operatin'- within 400 Billiseconds aftej the 
uplink coaBa"id is received by the CP; real-tine 
coaaand processing slots occur every 125 
Billiseconds. The actual delay tise depends on 
the type of coseand, the CP in use, and the SCL 
m use, as seen in Table 3. 6. 3. 2. 3-1. After the 
SCL is started it inaediately transfers froa the 
Standby State to the Bun State (SCL state 12) and 
determines whether the entry is a cosmand or a 
xiee delay. If the entry is a coasand, the SCL 
will transfer into the Process Coaaand state (SCL 
state 8); if the entry is a tine delay, the SCL 
goes into the Load Tiler state (SCL state 13) , 
and extracts that entry in the sequence out of 
the aeaory . The aeaory address pointer, CHESXC, 
will then indicate the next location in Beaory . 
The two SC Lb cannot be started sib ulta neously 
with real-tine coanands. Since it takes 12 
seconds to transmit a coaaand to the spacecraft, 
the closest the two SCLs can be started together 
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is 12 seconds. Bowever, if tie first entry in 
one coaaand sequence is used to coaaand the start 
of the other SCL, both SCLs can he started within 
250 Billiseconds by sending one real-tine 
coaaand . 


TABLB 3. 6. 3. 2. 3-1 

TIBB DSLJ> 1 fiABSS BOB COHHABD 
BEJ50BI OPKBATIOS, FOLLOHI9G BKCBIPT 
OB DPLlfiK COfiBABD BI CP 


T1B8 DELAY (Billiseconds) 

CPI to SC L 1 CPI to SCL2 

(or CP2 to SCL2) (or CP 2 to SCL1) 

Discrete 187 to 327 

Quantitative 168 to 386 


129 to 394 

130 to 395 


TYPE 07 
C'OHd AMD : 


3. 6. 3. 2. 3. 2 Yiaed Start . To start the coneand aesory froa 
the 4096 second clock, the TIHBD STAB! coaaand 
aust be sent to the CP. The 4096 second clock is 
a continuous square wave clock that is generated 
froa the 2048 second bit of the spacecraft Use 
code in each TP. The output of each TP is cross- 
strapped to both CPs as shown in Figure 3. 6. 1-1. 
Consequently, both SCLs can be started nearly 
siaulta neously by this aethod . Since the two CPs 
operate asynchronously, the start of the two SCLs 
could be different by a aariaua of 125 
Billiseconds. When the TIBED START coaaand is 
received by the SCL, it transitions froa Standby 
to the lised Start 0 state (SCL state 1) . The 
telesetry indication for this state for CLOGXS is 
“0001*. if the 4096 second clock is a logic *0 ■ 
when this state Is entered, the SCL will remain 
in this state until the clock changes to logic 
"1" (i.e., froa 0 to 204b seconds in SCL state 
1) . When me 4096 second clock switches to logic 
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■l - , the SCL transfers to the Tiaed Start 1 state 
(SCL state 3), and reaaias there for 2048 seconds 
until the dock again switches to logic "0". 
CLOGXS is "OIOI* in the Tiled Start 1 state. If 
the 4096 second clock ijs a logic "I 1 * when the 
TxBED START co is and xs sent, it will transition 
iaiediately froi SCL state 1 to SCL state 3, and 
reaaxn there until the 4096 second clock switches 
to lc"jic *1" (i.e., duration froi 0 to 204b 
seconds) . The 4096 second clock is a square wave 
so that there is aaple tine to receive a 
telese*ry status on the logic state of the clock 
(i.e., the second BSE of DCL0K2) . The SCL 
transfers mediately into the Bun state when the 
clock switches froi logic *1“ to logic *0®, and 
the aeaory begins to process the loaded sequence. 

The first ccnand in the sequence will be 
executed within 129 to 234 Billiseconds (for a 
discrete conand) or 130 to 235 Billiseconds (for 
a quantitative coaaand) of the 4096 second clock 
transition because the CP can only process stored 
couands every 123 Billiseconds. This is one of 
three error sources in starting the SCL. 

The second error source is doe to the way the 
clock is generated in the TP. The TP outputs the 
4096 second clock transitions synchronously with 
the word rate clock. Therefore, the accuracy of 
this output is a function of operating Lit rate 
at the tine of the occurrence of tue clock 
transition and the bit rates ased prior to 
selecting the bit rate used during the 
transition. The previous bit rates affect the 
accuracy because soae bit rates have word and 
amor f rate periods that are not integer 
suba ultiples of 4096 seconds. Table 3. 6. 3. 2. 3-2 
presents the results of an analysis of the 
aaxl bub inaccuracy of the 4096 second clock due 
to the TP. The vertical scale in the Batrix is 
self-explanatory, but the horizontal scale 
requires soae discussion. This scale shows the 
highest bit rate that the TP vas coaaanded to 
operate at, froa the tiae it was first turned on, 
until the tiae it was coaaanded to the bit rate 
at which the 4096 clock transition took place. 
This does not Bean that ail bit rates had to be 
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used up to and including the highest bit rate 
selected, bat that at least tho highest bit rate 
was selected at Borne tiae prior to going into the 
bit rate at the transition. This scale starts at 
lb bps, because the TP is initialized to start 
operating at this rate. 

& subtlety in these results Is that the length of 
time in the highest bit rate has an effect on the 
accuracy. If the length of tine is just right 
the error will be zero, but if the length of tiae 
is sone special value the aaxiBas error given in 
the table will result. This is best illustrated 
by an exaaple. Tate, for instance, the case 
where the highest bit rate selected is 341 1/3 
bps and the bit rate at the transition is 8 bps. 
In the aatrix, the aaxiaus error is given as 500 
■illiseconds . One way to arrive at this aaxiaus 
error (and there are a nuaber of coebinations) is 
to coaaand on the TP and have it operate at 16 
bps for 13b sinor fraaes which is 4064 seconds 
into the first full 4096 second tiae period 
because the TP is initialized to start the first 
4096 clock period 256 seconds after turn on. 

Then coasand on 34 1 1/3 bps for 21 sinor fraaes, 
which is an additional 31.5 seconds. This now 
gives a total tise period of 4095.5 seconds. If 
the TP is now transferred to 8 ops, the 4096 
second clocx wil 1 transition to logic "0* at 
4096.5, for an error of 0.5 seconds. The reason 
for this is the word period at 8 hps is 1 second 
and the transition aust wait until the end of the 
telesetry word to occur. If the starting bit 
rate of 16 bps was aaintained for 134 unor 
fraaes instead of 135 (i.e., *+Q 32 seconds into 
the period) and the 341 1/3 bps was used for a 42 
ainor fraaes rather than 21 (i.e-, an additional 
63 seconds into the period) , the error would be 
zero after the 8 bps bit rate was coaaanded into 
operation. This is because only one second 
resained in the clock period wmch is coincident 
with the word period at 8 bps. Therefore, it is 
obvious that the error in starting the coaaand 
aeaory is highly dependent on the bit rates and 
tise periods over which they are used. 
Consequently , this effect aust be accounted for 
in prograaaing the start of the aeaory. In 
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addition, an IBBBDIATB START cosaaand can be sent 
to the SCL when it is either in the Tiaed Start 0 
or Tiaed Start 1 states to override the ose of 
the 4096 second doc&. 

The third error source in starting a coaaand 
sequence or executing a defined function is due 
to the stability of the oscillator in the CP. If 
tiae delays are used in the coaaand sequence, 
either as the first entry in the sequence or 
interspersed throughout the sequence, the 
variation in the oscillator frequency will effect 
the programed delays. This will cause the 
execution of the final event to be in error. The 
longer the accumulated tiae delay, the larger 
will be the uncertainty. The oscillator 
stability is 50 ppa ssorst case. 

Additional discussion and exaiples are contained 
in Belerence 1.5.3. 

3. 6. 3. 2. 3. 3 Separation Switch Start . To start the SCL froa 
the closure of the spacecraft separation 
switch, the ABB SEPARATION SNITCH coaaand, which 
is part of the CP CONP1GDBE quantitative coaaand, 
aust be sent to the CP. This coaaand aust also 
be sent to the redundant CP to ara the redundant 
separation switch that, upon closure, activates 
the sequence loaded in the redundant CP coaaand 
aeaory . The purpose of this coaaand is to 
prevent an inadvertent closure or preaature 
closure of the separation switch firoa starting 
the SCL and causing the spacecraft spin-up 
sequence to begin. The ABB SEPARATION SilTCH 
coaaand transfers the SCL into Separation State 0 
(SCL state 0) . The telemetry status of CLOG is 
for this state is *0000*. If the separation 
switch is closed (i.e., SSBPXS equal to logic 
*1") prior to sending this coaaand, the SCL will 
reaain in state 0 ana never start the spin-up 
sequence. Referring to Pigure 3. 6. 1-1, it can be 
seen that each separation switch is connected to 
only one CP. Therefore, the preaature closure of 
only one switch prior to the ara coaaand will not 
prevent the spin-op sequence froa occurring 
because the normal closure of the other switch 
will initiate a siailar sequence loaded in the 
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other SCL aeaory- In addition. Separation State 
0 can be overridden by an 1HHSD1ATE START coaaand 
which transfers the SCL to the Ron State (SCL 
state 12) . If the separation switch is open 
prior to sending the ABB coaaand the SCL 
transfers immediately froa Separation State 0 to 
Separation State 1 state (SCL state 4) . The 
teleaetry status as given by CLOGIS for this 
state is "0100*. The SCL renains in this state 
until separation switch closure, at which tiae 
the SCL jusps to the Run State and executes the 
spin-up segueoce. Closing of the separation 
switch causes a latch m the SCL to be set which 
prevents switch bounce froa affecting the 
operation of this function. If needed, the 
Separation State 1 state can be overridden by the 
IBSEDIATB START conaand. 

3.6.3 .2.4 Stopping the SCL . After the SCL transfers to the 
Run State, it extracts a coaaand aeaory word froa 
the aeaory and begins the processing cycle. If 
the conmand aeaory word is a cosaand (either 
discrete or quantitative) , the SCL transitions to 
the Process Cooaand State (SCL state 6), and 
remains there, instead of returning to the Run 
State, as long as the following coaaand aeaory 
entries are coaaands. The teleaetry status will 
reaain constant at "1000" for CLOGIS for all the 
tiae that contiguous coaaands are processed out 
of the senary. To stop the SCL froa this state, 
the STOP coaaand east be sent to the CP. 5} ben 
this coaaand is received by the SCL, a transfer 
will be aade to the STOP 1 state (SCL state '*) , 
and the SCL will reaain in this state until 
another coanand is received. The SCL will 
coaplete processing of the current coaaand before 
it switches over to STOP 1. An IBMEDI&TE START 
coaaand, an ALVA MCE coaaand or a STANDS* coaaand 
followed by a MOM coaaand is needed to get out of 
the STOP 1 state and continue processing. In 
this state they are effectively the saae coaaand. 
The ADVANCE coaaand causes the SCL processing 
route to go through the Run State while the 
IBHBDIATE START coaaand terminates directly in 
the Process Coanand or Load Tiaar status. The 
saapling of t» v e teleaetry systea is not fast 
enough to distinguish the different paths; the 
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vhole process takes place in 125 Billiseconds 
Including the execution of the cownand if the 
next entry is a oouaod. In suaaary, if either 
coaaand is sent, the SCL will end up in the 
Process Cosa and state if the nest entry in aeaory 
is a coaaana and in the Load Tiaer State (SCL 
state 13) if the next entry is a tiae delay. 

When the SCL is is the Load Tiser state, 
independent of how it got there (i.e., frox 
states 2, B or 12) , the SCL can again be stopped 
by sending the STOP coaaand. Proa this state, 
the SCL will go to the Stop 2 state (SCL state 3) 
and Kill give a teieaetry readout on CLOGIS of 
"0011". in the process of counting down a tiae 
delay (T = "1" in Figure 3-6. 3. 2-1 when the tiae 
delay coaaand has been executed, and the tine 
count has not yet decreeentea to zero) , the SCL 
goes to and regains in the SDB 1 state (SCL state 
9) until the tiae count is decremented to zero 
(i.e., T toecoaes "0"). If the tiae delay has not 
been completely counted down vhen a STOP coaaand 
is issued, the SCL Kill go to the Stop 2 state 
and hold the last tise count in the Subtract 1 
counter <? reaains "V*; . The tiae countdown can 
oe resumed by sending the lflflEDIATE SIABT cofisand 
and the SCL will return to the Sub 1 state. 
However, if the resaining tise count Bust be 
skipped, the ADVANCE coaaand will extract the 
next entry out of the aeaory by transferring the 
SCL to tne Hun State. If, by chance, the STOP 
coBiand arrives just after the countdown of the 
tiae delay has been coapleted, the SCL sill 
advance to the Stop 1 state. Teieaetry status 
will oe recognizable in the Stop 1, Stop 2, 
Process Coaaand (for aany contiguous conaands) 
and Sub 1 (for long tiae delays) states, but will 
not be observable for the Bun or Load Ti^er 
states because the SCL transfers through these 
states rapidly. saapling of the status of 
these states will occur on a very infregueat 
basis. Likewise for very short tiae delays or 
alternating coaaands ind tiae delays in the 
aeaory, the Process Coaeand and Sub 1 states will 
not be observed on a regular basis. 
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3. 6. 3. 2. 5 Considerations tor Designing Coaaand Sequences . 

The aethod for loading coaaand words into the 
aeaory through the use of real-tine coaaands has 
been discussed in a previous section. However, 
there are certain facts that should be considered 
prior to designing a sequence to be placed In the 
aeaory. The first fact is that the SC L will 
continue to process entries fro a the aeaory until 
coaaanded to stop. The SCL will cycle tbrouga 
all 128 aeaory slots and then repeat these 
entries over and over until terminated by a 
STANDBY, STOP or OFF coaaand. Hcwevex, if for 
exeaple, only the first 20 slots are used in the 
aeaory for a particular coaaand sequence, the SCL 
will process these 20 entries and then step 
through each of the resaining 108 slots in i25 
Billisecond steps (assuaing each of these slots 
contains all zeroes) . The SCL will repeat this 
process continuously, unless the 20th entry is 
one of three stop-type coaaanas nentioned above. 
An extension of this is when aultiple coaaand 
sequences are loaded into the aeaory at one tiae. 
If each sequence is not teramated by a STANDBY 
or STOP coaaand, all the sequences will be 
executed in series and continuously repeated. 

A second consideration is that the SCls in both 
CPs can be operated siaultaneousd y , as with the 
spacecraft spin-up operation, but that the 
coaaands in each sequence Bust not address the 
sane C03 at the sane tine i,-?., within the same 
62.5 asec. period. If a control word is received 
at a COB froa both CPs, the coaaand will not get 
processed through the COB. The two CPs operate 
asynchronously ; each oscillator id each CP is 
independent with a 50 ppa stability requireaent . 
As 3 result, coaaand words occupying the suae 
clot, in seaory could be executed at the sane 
tiae. or nany seconds apart with a sequence 
containing cany coaaanas and long tiae delays. 
This fact aust be accounted for in designing 
parallel sequences. 

Another consideration is that both SCLs cannot 
start precisely at the saae tiae because the 
sforea coaaand processing tiae slots are not 
synchronized bet Been the CPs. Therefore, the 
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SCLs could start aa auch as 125 Billiseconds 
apart with noainal clock frequencies in each CP. 

Another use of the SCLa is for series operation 
to effectively increase the coaaand aeaory to 256 
locations. This can be accomplished by designing 
the sequence in one conaand aeaory to transfer to 
the oth ,>r conaand aeaory. An example of thi. ‘ 
operation is gTven as follows: 


5 CL 1 
115 


126 


127 


SCL 2 

CBD ( 1 ) .... CHD(F) JBHEDIATE SCL 1 

START STANDBY 


.1 


SCL 2 
126 


127 


SCL 2 


CaD 41), CBD(F) STANDBY 

L 


0 - 125 as 


Th.s ezaaple shoes how the two SCLs are used 
together to execute one 25b coaaand sequence once 
without repeating it automatically. It is 
assuaed that both SCLs v^re cocaanded on through 
real-tiae coaaanding prior to starting the 
sequence in SCL 1. For SCL 1, aeaory slots 0 
through 125 axe used for the first part of the 
desired sequence, bat the last two slots ausi. be 
reserved to transfer over to SCL 2 ana teraj.nate 
SCL 1. In slot 126, the SCL 2 IHHBD1ATE START 
coaaand is inserted to start SCL 2. Following 
this coaaand, the SCL 1 STAKDBI coaaand is 
inserted in slot 127 to place 1 in standby 

and prevent it fro* repeating its s'iquence. SCL 
2 will start between 0 and 125 billiseconds after 
the SCL 2 XBHED1 LIE START 1 coaaand is executed 
because of the asynchronous operation of the two 
CPs. Therefore, the first coaaand word in aeaory 
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2 should be a 125 billisecond tiae delay or a 
comaand that is not routed to the suae COB 
through which the SCL 1 STIflDBI coaaand is 
processed. Interference between the SCL 1 
STAHDBT co mm and and the first coaaand in aeaory 2 
will cause neither coaaand to be executed and 
result in the SCL 1 sequence being repeated 
siaultaneously with the SCL 2 sequence. The 
final coaaand in the SCL 2 sequence aust be the 
SCL 2 STLBDBI co kb and to prevent repeating the 
sequence in SCL 2. 

J.f there is no intention to repeat the 256 word 
sequence, the STANDBY coaaands should be replaced 
with off coaaands to conserve power. Should it 
be ie&ired to repeat the sequence continuously, 
slot 126 in SCL 2 aust contain the STAB? coaaand 
for SCL 1. There are ?. nuaber of variations to 
this procedure, but basically this is the method 
that aust be used to operate both bCLs in series. 

3. 6. 3. 2. 6 SCL Operating Constraints . The configuration 
control logic in the CP can receive both real- 
tiae coaaands and stored cosaands to control the 
SCL operation. However, iaere Bust b® a ainisua 
of 125 Billiseconds between all coesaids received 
-y tbe SCL. If a stored coaaand sequence is 
being processed, a reai-tj.ae coaaand should not 
be sent to the SCL within 125 Billiseconds of the 
tine the SCL is outputting a coaaand to itself. 
Since the real-tise coaaancl and stored coaaand 
processing line slots are b2.5 Billiseconds 
apart, it is possible for the SCL to receive two 
coaaands as close together as 62.5 Billiseconds. 

Siailarly, if both SCLs are processing coaaands, 
one SCL should not send a curaand to the other 
SCL within 62.5 Billiseconds of the tiae the 
other SCL is sending a coaaand to itself or 
receiving a real-tiae oo at-. an J . 


3.6.3 J Pyrotechnic Operations . . v e operational 

aspects related to pyrotechnic devices on the 
Multiprobe spacecraft involve faring the Large 
and Saall Probe In-Plight Disconnects UPDs) , 
separation of the Large and seall Probes, and 
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deploysent of scientific inctrufient devicaa, such 
as the BBSS Breakout Hat and BBSS Cal d&E. The 
following two sections describe these operations. 

3.6.3 .3.1 Separation of -LPDg ■ The IPDs on the Large and 
Snail Probes are separated prior to the release 
of the probes fros the Bus spacecraft. To 
separate the Large Probe IPD, the ARJ5 LARGE PROBE 
IPD ahd be as B/0 hat coesand (0RD13 or 0BDA3) 
nust tirSv. be sent to PCD 1. Contiguous to this 
ara coB&ano, tne PIRE LARGE PROBE IPD coeaand 
(osd 14 or OBM4) aim be sent if real tine 
connands are used. 

The IPD for each of the Snail Probes are 
separated in a sinilar way? except that all three 
IPDs are separated siaul taaeously . To ara the 
PC U for this event, the ASM SHALL PBOBB IPD AMD 
BHBS CAL GAS FEBO coanand (OBD22 and 0BDB2) »ust 
be sent to PCU 2. Following this consand the 
FIRE SB ALL PROBE IPD CO a Band (ORD23 or CBDB3) 
nust be sent contiguously to separate the IPDs. 
Again, this is necessary if real tine coaeaads 
are used for this operation. 

The probe shelf tenpexature sensors nonltored on 
the Bus spacecraft will go to full scale when the 
IPDs separate. These outputs are routed via the 
IPDs for teienetry in the Bqs data handling 
sub3ysten. 

Examples of the use of the above coEaands during 
the nission are shown in Sections 4.2.2 and 
4.2.3. 

3. 6. 3. 3. 2 Large and Saall Probes Separation . The Large 
Probe is separated fros the Bus spacecraft by an 
am and fire coanand sent directly tc PCU 1. If 
the cosnands are to be sent in real-tise, they 
Bust be contiguous. The ara coanand is ABB LARGE 
PBOBE SEPARATION (ORD11 or OHDAl> and the fire 

co 2 * and is LARGE PBOBE SEPARATION (ORD12 or 
0RDA2). Rhf'-n separation has occurred, telenatry 
output SLA ELS sill go to logic "0*. 

lue separation of the Snail Probes is described 
in Section 3.6. 3. 5. 
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3.6c3.3.3 Scientific Instrument Devices . The BIBS is the 
only scientific instrument that contains 
pyrotechnic devices on the Dus spacecraft. The 
BBSS has sguihs to deploy the Brea toff Hat and to 
open the Cal Gas container. 

There is one are and two fire commands needed to 
deplr'' the Breaioff Hat. The ara coaaand is ARB 
LARCH PROBE XFD AID SflaS B/0 HAT (0RD13 or 0BDA3) 
and th two fire commands are FIRE BUBS B/0 HAT 
PBIBARI (0KDt5) and FI HE BIBS B/0 HAT SECOSDART 
(OSD 16) . Each fire coaaand activates two squibs. 
If the are and fire conands are sent in real - 
tise, the ara com and »ust be sent prior to each 
one of the fixe coBBands to activate all four 
squibs . 

The Cal Gas container is broken by one pair of 
ara and fire coa lands. For this event, the am 
CQBBand is ARB SHALL PROBE IFD and BIBS CAL GAS 
PIEO (03D22 or OSDB2) and the fire coaaand is 
FIRE BIBS CAL GAS PYRO (OSD24 or GBDB4). Again, 
these coneands Bust be contlguoas it they are 
transmitted in real tise. 

3. 6. 3. 4 Beceiver Reverse Operations . The receiver 

reverse capability in the coaaand subsystes is 
designed to prevent loss of uplinA control of the 
spacecraft for sore tnan 3b ±4 hours. The CP 
sends out two discrete cociands automatically 
every 3b ±4 hours when no valid uplink conaands 
are received in that tiae period. One coaaand is 
used to select the forward oani and the other is 
sent to change the receiver/antenna RF switch to 
the normal or reverse position. Wuen tne switch 
is in the noraal position, the reverse pulse is 
sent oat, and vice versa. For redundancy, each 
CP performs the saae function. 

When power is initially applied to both CPs the 
receiver reverse counter in each CP is reset to 
zero and each begins counting, if a valid 
coasand is received by either CP, the counters in 
both CPs are reset to ze ro through the cross- 
strapping between CPs, Under nocmal conditions, 
there is no way to defeat the operation of this 
fncction once prise power is applied to the CPs. 
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The application of power say cause the tiro CPs to 
initialize in different logic states, i.e., cue 
CP say be in the noraal state ready to send out 
the reverse pulse and the other in the reverse 
state ready to output the noraal pulse. In order 
to place the CPs an the sane state, both CP 
configure coeaands, CPCQ1 and CPCg2, sost be sent 
in the Beceaver Roraal aode, or both coasands 
Bust be seat in the Deceiver Reverse aode. if 
this condition is not corrected, the two outputs 
fro* tha CPs will negate each other and the 
receiver switch will not change position. The 
logic state of CPI and CP2 are given in teleaetry 
as CfiEV IS and CBE72S, respectively, where logic 
■1® is noraal and logic "0 B is reverse. 

To insure that the receiver reverse logic in both 
CPs are in the sane state, the CP quantitative 
CO ns and oust be sent to each CP. Bits 33 and 34 
of ,he quantitative coaaands Bust be set to *01" 
to obtain the noraal state and “10“ to get the 
reverse state. If the "Bather CP" address lor 
Bits 39 and 40 (i.e., “11") is not used, then 
those two bits Bust be carefully selected to 
address the CP to which the comaand is to be 
sent, i.e., "0 1" for CP 1 and "10* for C? 2. 

Even though there is only a single quantitative 
coaeand to each CP free a different COB, there is 
a possibility that the receiver reverse function 
can be defeated through selection of the wrong 
address bits in the quantitative coaaand sent to 
a C?. If the wrong CP address as sent, the 
noraal and reverse outputs will be inhibited, but 
the oeni select output will always occur at 
receiver reverse tiseout. The two flip-flops 
that control the power strobe to the output 
buffer and the gating of the output pulse are 
placed in opposite logic states. Consequently, 
the output pulse will be gated to an "off" output 
buffer and will be inhibited froa goong to tbe 
"on® output buffer. This occurs basically 
because one flip-flop os connected to a decoder 
that senses the address bits and the other is 
connected to a decoder that does not. The status 
of the noraal /reverse logic is only sensed on one 
flip-flop sc that if is iapossible to deteroino 
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{roe teieBet rv it the wrong aldress bits were 
sent . 

it tabes a combination of three huaan errors and 
hardware failures for this problem to have a 
catastrophic effect on the mission. The 
co9bination is: (1) a receiver failure to 

necessitate the use of the receiver reverse 
capability „ (2) a CP failure (or a human error 
that causes the CP to be addressed incorrectly), 
and (3) a huaan error that causes the remaining 
operational CP (or second operational CP) to be 
addressed incorrectly. If there is uncertainty 
as to whether the CPs are correctly configured 
prior to entering a long period without cosaand 
transmissions, the correct quantitative commands 
could be retransmitted to the spacecraft. This 
is done by sending both CP configure commands, 
CPCtfl end CPC\J2, in the Receiver normal code, or 
sending both commands in the Receiver Reverse 
aode - 

To preclude the occurrence of this problem, it is 
best to always cone bits 39 and 40 as "11". This 
code selects either CP, and bit 15 of t-he uplink 
command should be used only to select the desired 
CP. 


Pnrihermore, if the CP should experience an 
overcurrent condition that causes the power 
supply to be turned off by the cyclic fuse, and 
if the fault was later removed and power re- 
applied, the receiver reverse counter will be 
reset to zero and the logic will initialize in 
some random state. This Beans the two CPs may 
not be synchronized and, conseguently , the CP 
COHPIGDRE quantitative command should be sent to 
each CP so that the two CPs will output the same 
commands simultaneously. 

3.6 .3.5 Small Probes Release Operations . The three ssall 
Probes on the Bultiprobe spacecraft are released 
simultaneously with a single FIRE command to the 
PCD that is routed through the Attitude Data 
Processor (ADP) . As shown in Figure 3. 6. 1-1, the 
COB outputs a discrete cosaand to an ADP and the 
ADP in turn transfers the command to the PCD. 
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There are four discrete oomtands involved in this 
operation; two that go to ADP 1 and two that are 
sent to ADP 2. The purpose of all these cossands 
is to provide redundant inputs to each ADP froa 
redundant COSs without cross-strapping in the 
spacecraft harness. 

Prior to releasing the Snail Probes, the AB8 
SB AIL PROBE SEPABATI ON coaaand (OHD21 and 0RDB1) 
aast be sent to PCD 2. The ssall Probes will be 
released by real-tine coasauds so that the ADP 1 
SHALL PBOBB RELEASE coaaand (BRL11 or BELA or 
the AD? 2 SHALL PROBE RELEASE coaaand (BEL21 or 
EELB1) Bust follow contiguously the ARB coaaand. 
Only one ADP is powered on during the Saall Probe 
release operation, so the appropriate coEaaod 
aust be sent. 

The ADP that receives the BELEASE coaaand delays 
the issuance of the coanand to PCD 2 until the 
occurrence of the neat Boll Index Pulse (BXP) . 

The delay through the ADP is % function of the 
tiae of arrival of the coaaanu and the spin rate 
of the spacecraft. The nosinal spin rate planned 
lor Saall Probe release is ua.5 rpc so that the 
worst case delay is on the order of 1.2 seconds. 
The PCD ti *ing diagraa presented m Section 
3.6. 2.3 shows that the PCU will autoaa tically 
disara lb. 5 ±4.5 seconds after receipt ot the ABH 
coaaand. Under worst case conditions, this 
paraits a delay of two seconds through the ADP. 
The two second worst delay results froa the tiae 
difference between the tiae it takes to receive a 
real -time coaaand (i.e., 12 seconds) and the 
ainiana tiae to disara (i.e., 14 seconds). The 
a inis us spin rate is expected to be 40 rpa which 
results in a delay of 1.5 seconds m the ADP or a 
aargin of 0.5 seconds. Consequently, the ASH and 
RELEANR ccsfiands Bust be contiguous to release 
the probes. When the ADP issues the coccand to 
PCD 2 synchronously with the BIP, a teleaetry 
status flag is set in bit position 5 (i.e., 
APRELS) of ADP Status Word 5. 

The coaaand froa the ADP is cross-strapped in the 
harness to the A and 5 sides of PCU 2 and fires 
Bix (6) squibs simultaneously ; the priaary three 


3.6-42 



Section Vo. 3 .6 .3 . 6 

Doc. Vo. PC-403 

Orig. Issue Date 5/22/78 
Bevision Bo. 


Revision 


(3) and the redundant three (3) . This 
Mechanization prevents non -siaul ta neons release 
of the three Small Probes. When the probes are 
released froa the attachment ring, a status flag 
for each Saall Probe is sent to telemetry 
inaicating release. The teleaetry outputs for 
Snail Probes 1# 2, and 3 are S1BELS, S2HEJ.S and 
S3 EELS, respectively. 

in exaaple of the use of the above coc Bands is 
given in Section 4.2.3. 

3. 6. 3-6 Coast riser loading Operations. The coast tiaer 

on each of the Large and Saall Probes is used to 
start the Entry Sequence Programmer (BSP) # which 
in turn issues time dependent coaaands during the 
descent phase of the probe's Bission. The tine 
delay is loaded into the coast tiaer by the COAST 
TIBBB set quantitative coaaand to the 
Conaand/Data Unit (CDU) on each probe, on the 
Large Probe# the priaary coaaand (LC!I\}1) is 
processed by the Large Probe COB (i.e., COB 7 on 
COB channel 7Qlj and the redundant coaaand 
(LCTQA) is processed by a CUB (i.e.» COB 1 on COB 
channel 1Q3) on the Bus spacecraft. For the case 
of the Saall Probes# both the priaary (SCT^I, 
SCTQ2, and SCTQ3 for COB assignaents (1Q0# 3Q0, 
and 5Q0 respectively) and redundant (SCTQA, 

SCTQB# sctqc for COB assignaents — 2$0# 4QQ# and 
6Q0 respectively) coaaands are received through 
the In-Flight Disconnect (UI. Iron COBs on the 
bus spacecraft. 

The coast tiaer tus the capability to process a 
24.27 day tite delay (i.e.# 2 ' 6 z 32 seconds) 
with a resolution of 32 seconds. The tiae delay 
consists of 16 bits of data placed into the 
quantitative coaaand format LSB first. To 
coapute the binary number needed for the coaaana# 
the folljwing to caul a should be csed; 
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ATo — 6 3 

where ATo is 

32 

in seconds 


Siaaisl 

Suppose a coast duration 
1 hour, 32 ainutes and 5 
desired . 

of 22 days, 
seconds is 


A To 

= 1, 906 , 3 25 10 seconds 



M 

= 59, 570.687-|3 seconds 



Since H is not an integer and since the coast 
tiaer can only be programed with integers, we 
select the programing nuaber I to be 59, 570-ig 
and account for the -687 seconds by issuing a 
start tiaer coasrand .687 seconds later than 
required. (We assused in this exawple that the 
32 second divisor is exact, i.e., the tine base 
is pe. ect) . The 16 bit coast Magnitude coasand 
nuaber is siaply the binary equivalent of 
59,57Q 10 . 

LSB BSB 

B = OtQ01101Q0010 111 


i-e. , 

59570.J o - 2»-*2«*2*>+2 F +2* a '»-2***2» <i *2» ; > 

After the coast tiae is loaded in a probe, the 
countdown is started by the STAB7 COAST TIBBS 
coaaand unique to the probe. This command (LCTA9 
or LCT19) is processed by the Large Probe COB 
(i.e., COB 7) and a bus COB (i.e-, COB 5) for the 
Large Probe respectively; and two COBs on the Bus 
spacecraft for each Stall Probe (SCT1 9 or SCTA9; 
SCT29 or SCTB9; SCT39 or SCTC9 for SPl e 2, and 3 
respectively) . Prior to sending the STAB T COAST 
TIBEfi coaaand, the tiae code stored in the coast 
timer can be verified by Bus teleaetry . The 
telenetry output is LSB first as loaded and 
consists of two eight bit words read out into 
channel CXTIflC, where X equals L, 1, 2, 3 for the 
Large and three Saall Probes, respectively. The 
two eignt bit words »ust be ordered by the ground 
software into th j 8 BSB and 8 LSB bits to 
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reconstruct the original 16 bit tiae code. The 
coast timer ntputs one 8 bit word with each 
sampling by telemetry and does not account for 
the ordering of the words except when the STABT 
TIBER COBB AND is received. When the STABT 
coaaand is received, the coast tiaer reorders the 
tiae code so that the correct 16 bit code will be 
processed. 

Before tht STABT is sent, the full 1b bit tiae 
code can be verified. However, once the coast 
tiaer has started counting, the tiae code can no 
longer be verified . The coast tiaer is under the 
control of its ovn 0.5 Bz clock and ignores the 
read clock fro* telemetry once it has started 
running. Therefore, the teleaetry output will be 
the LSB of the shift register holding the count, 
and so the telemetry will show all ones or all 
zeros. The shift register performs an end around 
shift every two seconds, so it is possible for 
the LSB to change from a one to a zero, or vice 
versa, in the middle of a teleaetry saaple. In 
this case, the eignt bit teleaetry word will 
consist of groups of vae s and zeros, while the 
coast timer is running, a randon readout into 
teleaetry of these types of words indicates that 
it is aost likely performing properly, hut does 
not show conclusively that a failure has not 
occurred. 

The coast timer can be stopped by sending a new 
quantitative cosaand containing a new tiae code 
or just Svte randon time code. There is no other 
way to stop it once the STABT coaaand has been 
executed. After receipt < f tne quantitative 
command, the coast timer will reaain stopped 
until the next START command. The data contained 
in the quantitative command will be loaded into 
the coast tiaer as a new time delay. 

Examples of the use of the above coaaands during 
tne mission axe shown in Sections 3.2. 2 and 
4.2.3. 
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3.6.4 Coaaand Besponse . Table 3. 6. 4-1 preseats the 

coaaand responses tor the coaaand subsystea. The 
table lists every coaaand that directly affects 
the subsystem and the teleaetry indication that 
verifies the proper execution of the coaaand. 

The aneaoaics for each of the coaaand and 
teleaetry paraaeters are also included. 
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TABLE 3.8, 2.:. 6-1 

COMMAND PROCESSOR TELEMETRY OUTPUTS 


Telemetry 

Word 

Format 

Active State: Logic 1 

Inactive State: Logic 0 

Mnemonic 
(See Note 1) 

Word 1 

Bit 0 -Bit 3 

(MSB) (LSB) 

SCL State Status; pee SCL State 
diagram, Figure 3, 6. 3. 2-1. 

C LOOTS 

Bit 4 

SCL ON/OFF Status. 

CSCLXS 

Bit 5 

Demodulator Status that indicates 
squelch state. 

CDMDXS 

Bit 6 -Bit 7 

(MSB) ' (LSB) 

These two bits are the MSB bits 
of the receiver reverse timer, 
and produce four tirae combina- 
tion: 27.3 Hrs. , 18.2 Hrs., 

9 . 1 Hre . , and 0 Hr§ , 

RREVXC 

Word 2 

Bit 0 

Reject flag indication that real 
time processor has detected an 
error in a RT command. 

CREJXS 

Bit 1 -Bit 7 

(MSB) (LSB) 

7-Bit count Indicating number of 
verified real time commands 
processed, 

CCMDXC 

Word 3 

Bit 0 

Separation switch status. 

SSEPXS 

Bit 1 — —Bit 7 
(MSB) (LSB) 

SCL address pointer indicating 
present location in SCL memory. 

CMEMXC 

Word 4 

Bit 0 -bit 7 

(MSB) (LSB) 

Represents 8 bits of 24-bit SCL 
command word stored in memory. 
During SCL memory dump, 3 
telemetry words are needed to 
completely read the 24-blt SCL 
command word. 

CMEMX 


NOTE li X " 1 for CP 1. 

X = 2 for CP 2. 
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ACCURACY OF 4096 SECOND CLOCK 
HIGHEST BIT RATE SELECTED SINCE TP TURNON 


16 

64 

128 

2 

170 i 

256 

-4 

512 

682| 

1024 : 

2048 

0 

0 

0 

0 

0 

500 

500 

750 

750 

1 

750 

0 

0 

0 

0 

0 

0 

0 

250 

250 

250 


0 0 
0 0 


0 0 


31^ 32^ 31^ 31 4 31^ 3I4 3l£ 
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ri I, "7 ' START TIME AND THE 
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* C9 !*:■ ; /LOCK TRANSITION. 
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16 16 16 
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TABIX 3. 6. 4-1 


COMMAND RESPONSES FOR COMMAND SUBSYSTEM 



COMMAND 

Mnemonic 

Title 

Res pernio 

The sixth 

Stored Command 

The SCL of the appropriate 

alphanumeric 


CP, If It Is In the LOAD etatc. 

Ib ’’A” for 


\fill accept the stores - 7m- 

CPI, or "B" 


n and, and Its address pointer 

for CP2. 


will advance by one count for 
each h to red command. 

CMTQl for 

Stored time delay 

No apparent dlfterence from 

CPIl or 

command. 

, response to airy stored 

CMTQ2 for 


command (above). 

CP2. 



CPCaufigure 

SCI. Standby (0001) 

If SCL Is ON and In any state 

"SCL Com- 

(STORCMD - 

except 10, SCI. will go to 

ui and) 

STDBY) 

State 15. 

(CPCQ1 or 



CPCQ2) 

SCI. Immediate Start 

If SCL ia ON and In States 0, 

STORCMD " 

'00101 

1, 4 , 5 or 15, SCI. *~ill go to 

xxxxx. 


State 12 for 62.5 ms send th^n 
switch among States 8, 9, 12 
and 13 depending on the stored 
command being processed. If 
SCL Is ON and In Stale 2 and 
the next memory entry Ib a 
command (MSM), SCL will 
go to State 8 and continue pro- 
ceasing. If SCL is ON and In 
State 2 and the next memory 
entry la a delay SCL 

will go to State 13 and continue 
processing. If SCL Is ON and 
In State 3, SCL will go toSTate 
9 and continue processing the 
delay stored in the time delay 
counter. 


Mnemonic 


TELEMETRY VERIFICATION 


Indication and/or Remarks 


CLOG1S | 

CIXXJ2S j 

SCL Stater State 1' (Load) 

CMEM1C 

Command Memory Aid res a Pointer: Command 

CMEM2C 

Memory address will , id vance one conn' for each 
memory load command 


• Samr An f J •' * ny stored command, above. 

• Memory verification will indicate If correct 
time delay was lc ded. 

CIOG1S 

CIOG2S 

SCL State: State 15. 

CLOG1S 

CLOG2S 

SCL Mates 8, 9, 12 and 13. depending oo 

stored command being processed and TM sampling 
of state. 

CMEM1C 

Command Memory Address Pointerr Command 


Memory address will be advancing as commands 
and time delays are being processed. 


Other TM: Cther subsystems will be commanded 

by the stored commands. 
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TABLE 3.C.4-1 (Continued) 


COMMAND | 

TELEMETRY VERIFICATION 

M arm onto 

Title 

Response 

Mnemonic 

Indication and/or Rrmarka 

CPCraflgurc 
fSCL Com- 
mand) 
(Continued) 
(CPCQ1 or 
CPCQ2) 
STORCMD ” 

xxxxx. 

SCL Tinned Start 
(0011) 

(STORCMI) « TIMED) 

If SCL Ir ON and In any state 
except 6, 10, H or SCL 

will go to State 1 and when 

the 4096 clock t , SCL 

will go to State ft Tien the 

4096 clock (l.e. , the Becond 
MSB of DC I OK 2) goes from 
oru to zero, SCI will go from 
State 5 to State 12 for 62. 5 ms 
then switch among States 3, 0, 
12 and 13, depending on the 
stored commands being 
processed. 

CLOG1S 

CLOG2S 

SCL State: State 1 until the 4036 clock (l.c. , the 
second MSB of DC I GK2) goes to one and then the 
SCI. goes to 5. If clock Is already r^e, the tr nsl- 
tlon from State 1 to 5 will occur at once. When 
clock f-.fl from one to ze.*o, hwI ter 'eg between 

Slates o, d, 12 and 13 will occur, depending on 
stored commands being processed and TM sampling 
o f state. 



CMEM1C 

CMEM2C 

Command Memory Address Pointer: When 4096 
clock goes from one to zero, command memory 
address will start advancing as commands and time 
delayn are being processed. 





Other TMi Other subsystems Mil be commanded by 
the stored commands. 


SCL IvCad (0100) 
(STORCMD LOAD) 

If SCI. Is ON :u*\ In State 15, 
SCL will go to State 14. SCL 
must be in State 14 to load 
the memory by sending mem- 

C» OG1S 
CIjOG2S 

SCL State i State 14. 



CM EMI C 

Command Mem ory Address Pointer i Command 



ory load commands. 

CMEM2C 

mem. ry address will advance one count for each 
memory load command. 


SCL Advance (0101) 

If SCL is ON and In State 15, 

CULG1S 

SCI. State: State 6 (Advance complete). State 11 


(STORCMD- AD VAN) 

.SCI. will go to otate 11. The 
memory 1 . shifted 24 bits 
which results In a one-wird 
advance In memory. SCI. will 
then go to Slate G and remain 
there until n standby command 
is received. 

1 

CI.OC2S 

will n .obi tty not be observed by TM. 

1 


CMEM1C 

CMEM2C 

Command Memory Address Point: Advances count 
by one for each Issuance of advance /standby com- 
mand pair. 
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TABLE 3. 6.4-1 (Continued) 



COMMAND 


TELEMETRY VERIF.'- '"ION 

Mnemonic 

Title 

Response 

Mnemonic 

Indication and/ or Remark* 

C PConflgure 
(SCL Com- 
mand) (Cont’cl 

SCL Advance (0101) 
(STORCMD = ADVAN) 

(Cont'd) 

If SCL Is ON and in State 2 or 
3, the SCL then goes to State 
12 for o2. 5 ms, and switches 
among States 8, 9, 12 and 13, 
depending on the stored com- 
mands being processed. 

CLOG1S 

CLOG2S 

SCL State; States 8, 9, 12 and 13 depending on 
stored commands being processed and TM sampling 
of state. 

(CPCQ1 or 
CPCQ2) 

STORCMP = 

xxxxx. 


CMEM1C 

CMEM2C 

Command Memory Address Pointer: Command 
memory address will be advancing as commands and 
time delays are being processed. 




Other TM: Other subsystems will be commanded 
by the stored commands. 


SCI Stop <01 10) 

If SCL Is ON and in State 8, 

CLOG1S 

SCL State: State 2 or 3, depending on conditions 


(STORCMD - STOP) 

SCI will go to State 2, If SCL 
ts ON and in State 13 or 9, and 
the time delay counter Is zero, 
SCI will go to State 2. If SCL 
Is ON and In State 13 or 9 and 
the time delay counter is not 
zero, SCL will go to State 3. 
The counter will stop counting 
and retain the count that 
existed when the STOP com- 
mand was received. 

CLOG2S 

listed under command response. 


SCI Arm Separation 

If SCL is ON and in State 15, and 

CLOG1S 

SCL State: State 0, if the separation switch is 


Switch (0X11) 
(STORCMD = ARMSP) 

separation switch is closed, SCL 
will go to State 0 and remain in- 
definitely until commanded out 
of that state. If SCL is ON and In 
State 15, and separation switch 
Isopen, SC L will go to State 0 
and then immediately to State 4. 
When the separation switch is 
closed, SCL will go from 
^Continued) 

CLOG2S 

closed (l. e. , SSEPXS = 1), State 4 if the separation 
| switch is open (i. e. , SSEPXS - 0), 


K* 
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TABLE 3. 6. 4-1 /Continued* 


P. ■» 

SSL? 


COMMAND 


Mnevnoolc 


Response 


I Arm *nc pa ration 
Switch /OIL 
mandi/Coct'd) /STORCMD® ARMSPi 

fCPCQl or /Continued* 

C PC C/2) 

5TORCMD * 

xxxxx. 


SCI Clear/ON 
flOOO or 1001 \ 
fSTORCMD * CLFR1 
or CLER2). 


State 4 to State 12 and start 
processing stored commands 
ajb described unde.' SCI- Im- 
mediate Start Command, 
/Closing of the separation 
switch sets a Latch !c SCL 
which can only be reset by 
removing essential bus volt- 
age from the unit which is not 
possible by command^ 

If SCL Is OFF, SCL power will 
be turned ON with SCI in State 
13* Command memory will be 
cleared and the command mem 
ory address pointer will be 
zero. If SCL is ON and in 
State 15, command memory 
will be cleared and the com- 
mand memory address pointer 
will be zero. 


Mnemonic 


CLOG1S 

CLOG2S 

CSCL1S 

CSCL2S 

CMEM1C 

CMEM2C 


TELEMETRY VERIFICATION 

Indication and/or Remarks 


I SCL State: State 15. 


[ SCL State : ON /Logic 1} 


Command Memory Address Pointer: Zero, 



CMEM1 

Command Memory Readout: Entire memory reads 

CMEM2 

zero. 

PBCSI I 

Spacecraft Loads Current: An increase of about 72 


mllliamperes /I LSB) when SCL is turned ON. 

PLIMTI 

Bus Voltage Limiter Current: Decreases as much 


as PBl'SLI has Increased, if sufficient surpl js solar 
panel current is present. 


■•vision 
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TAfcI,E 3. 6. 4-1. fCoo*!nued, 


COMMAND 

TELEMETRY VERIFICATION 

Mnemonic 

Title 

Response 

Mnemonic 

Indication and/or Remarks 

C P Configure 
fSCLCom- 

SCI. Index HO 10 or 
1011, 

ff Cl 1% ON ary.! In states 15 
or 10, command memory '*111 

be ec'* a ro*.nd .shifted jfitll tF/e 

first stored ***ord rxcupfes 
address 0. SCI. will go to 
State 15. 

C I OG1 - 
C 1.002- 

X I. State: State 15. 

m and* Cant'd, 

<C PCQ1 or 
CKQ2, 

f STORC MD= I N DX 1 
or JNDX2| 

C ME VIC 
CMEM2C 

Com rr. and Memory Address Pointer: Zero. 

.ST OR CMD « 

xxxxx. 

SCI. Read fl 100 or 
1101, 

II SC i. U ON and In -.late 1 5, 
SCI. will go to State 10. SC I. 
mast be In State 10 for mem- 
ory verification. SCI. will go 

CLOG1S 

cixx; 2 s 

SCI. State: State 10. 


/STORCMb * READ! 
or READS* 

CMEM1C 

Command Memory Address Pointer; Command 



from State 10 to State 15 when 
the address pointer goes to 
zero during memory verifica- 
tion or by an index command. 

CMEM2C 

memory address will be advancing daring memory 
verification. 


SCI. OF I flllti or 

SCI. Power will be turned OFE 

PBI SL! 

Spacecraft Loads Current; A decrease of about 72 


ini. 



mllllamperes ( 1 LSB» when SC L Is turned OFF. 


fSTORCMD ■ OF FI 
or OFF2 » 


PLBTTf 

Bus Voltage Limiter Current; Increases ts much ai 
PELS IJ has decreased. If sufficient surplus solar 
panel current is present. 




C SC II H 
CSC' 1.2- 

SCI. Status; OFF Ojogtc 0» 




C I.OG1S 
C I/X52S 

SCL Status; All I/aglc 1 Bits. 
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TABl E 3. 6. 4-1 (Continued) 


COMMAND 

TELEMETRY VERIFICATION 

Mnemonic 

Title 

Response 

Mnemonic 

Indication and/or Remarks 

CP Configure 
(Receiver and 
Telemetry 
Commands) 
(CPCQ1 or 
CPCQ2) 

RCV = XXXX 

Recelvei Normal 
(RCV = NORML) 

The Receiver Normal commanc 
will set the Command Proces- 
sor Receiver Reverse State to 
NORMA I and generate an 
envelope to select the normal 
omni antenna/recel ver config- 
uration. 

CREV1S 

CREV2S 

CP Receiver Reserve State: Normal (Logic 1). 

RRCVRS 

RF Switch Position: Receiver 1 to forward antenna 
and Receiver 2 to aft antenna (Logic 1). 

Receiver Reverse 
(RCV * RVR8E) 

The Receiver Reverse com- 
mand will .set the Command 
Processor Receiver Reverse 
State to REVERSE and generate 
an envelope to select the re- 
verse omnl antenna/ receiver 
configuration. 

CREV1S 

CREV2S 

CP Receiver Reverse State: Reverse (Logic 0). 

RRCVRS 

RF Switch Position: Receiver 2 to forward antenna 
and Receiver i to aft antenna (Logic 0), 

Clear Command 
Counter and Reject 
Flag 

(RCV = CLEAR) 

The command counter and 
reject flag In the CP will be 
set to zero. 

CREJ1S 

CREJ2S 

Command Reject: Zero. 

CCMD1C 

CCMD2C 

Command Counter: Zero, 

CP Configure 
(CP Select) 
(CPCQ1 or 
CPCQ2) 
CMDPROC- 
SET =XXXX 



Command Processor 
Select 

(CMDPROCSEL * 
None/No. 1 /No. 2/ 
Either 0/1/2/31. 

Sets up logic to configure 
receiver reverse for normal 
or reverse outputs. 

N/A 

No telemetry verification. 
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TABLE 3, 6. 4-1 fContinuedi 


f 


COMMAND 

TELEME^"’ VERIFICATION 

Mnemonic 

Title 

Response 

Mnemonic 

Indication and/or Hematics 

cowiar 
COM 3# 
COM 50 

COM I £ 2 OF F 
COM 3 & 4 OFF 
COM 5 A 6 OFF 

For some fa Pure modes in the 
COM which leave the COM 
powered OS, the COM can still 
be used by sending a COM OFF 
command after each command 
using that COM. In normal 
operation, the COM Is auto- 
matically turned OFF' at com- 
pletion of command processing. 

S/A 

tf a COM fails to respond to a command, send a 
COM OFF command and try to send the command 
again. If the COM responds to the command, the 
COM can still be used by sending a COM OFF 
command after each command using the COM. 

MEM10 

SCL 1 OFF 

Discrete command which will 
turn SCL 1 Power OFF. 

CSCL1S 

SCL 1 Status : Zero. 

PBCSLI 

Spacecraft Loads Current: A decrease of about 72 
m till amperes (1 LSBi when SCL is turned OFF. 

PLJMTI 

Bus Voltage Limiter Current: Increases as much 
as FBI'S LI has decreased, tf sufficient surplus 
solar pen el current is present. 

MEM2tf 

SCI 2 OFF 

Discrete command which will 
turn SCL 2 Power OFF. 

CSCL2S 

SCL Status: Zero. 

PBCSLI 

Spacecraft Loads Current: A decrease of about 72 
milliamperes 1 1 I„SB) wh n SCL ts turned OFF. 

PLfMTI 

Bus Voltage Limiter Current; Increases as much 

as PBi SL1 has decreased. If sufficient surplus 
solar panel current is present. 

ORD11 

ORDA1 

Arm Large Probe 
Separation 

Provide power to the squib 
drivers for Large Probe Separ- 
ation starting 4.0 seconds after 
the command and ending 16.5 
seconds after the command. 

N/A 

Verified if associated fire commtnd is accepted. 
There is no telemetry indication of PCI' arm/ 
dUarm functions. 

j 
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TABLE 3. 6. 4-1 fContlnued) 


— 
| COMMAND 

TELEMETRY VERIFICATION 

Mnemonic 

Title 

Response 

Mnemonic 

Indication and/or Remark* 

GKtn 2 

OH LA 2 

I^arge Probe 
Separation 

If associated squib drivers are 
armed, this comm and fires 
Large Probe Separation squibs. 

^LREI> 

Large Probe stowed/ He 1 eased Status: Released 

Hx>glc 1 >. 

N/A 

Bus spacecraft attitude and spin rate dis- 
turbances. 

ORD13 

OKDA3 

Arm I a rge Prober 
I F h are) BNMS B/O 

Hat 

provide power to the squib 
drivers for Large Probe If L 
and BNMS B/O ri- s 
nominally 4. 0 seconds and end- 
ing IS. 5 seconds after the com- 
mand. 

N/A 

Verified If associated fire command Is accepted. 
There Is nc telemetry Indication of PCI arm/ 
disarm functions. 

OR DM 
ORDA4 

Fire Ijirge Probe 
IFD 

If associated squib drivers are 
armed, this command fires 
Large Probe IFD squibs. 

N/A 

All telemetry channels routed to Bus DIMs via IFD 
go to full scale. 

ORD15 

Fire BNMS B/O Hat 
Primary 

If associated squib driver Is 
armed, this command fires 
BNMS B/O Hat Primary squib. 

N/A 

Indirectly verified by proper Instrument operation. 

ORD16 

Fire BNMS B/O Hat 
Secondary 

If associated squib driver Is 
armed, this command fires 
BNMS B/O Hat Secondary squib. 

N/A 

Indirectly verified by proper instrument operation. 

ORr/itr 

ORDAff 

Disarm PCL 1 

For some /allure modes in 
which the timer In the PCI 
fallB to disarm the squib 
drivers, this command will 
dl warm them If sent after 1 8. 5 
seconds from arming. 

N/A 

There Is no telemetry indication of PCL arm/ 
disarm functions. 
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TABI f; 3. S. 4-1 (Continued) 


COMMAND 

TELEMETRY VERIFICATION 

Mnemonic 

Title 

Response 

Mnemonic 

Indication and/or Remarka 

ORD21 

ORDBA 

Arm Small Probe 
Separation 

Provides power to the squib 
drivers for Small Probe Separ- 
ation, starting 4.0 seconds 
after the command, ending 18.5 
seconds after the command. 

The associated fire commands 
are Issued by the attitude con- 
trol subsystem. 

N/A 

Verified If associated fire command is accepted. 
There Is no telemetry Indication of PCC arm/ 
disarm functions. 

ORD22 

ORDB2 

Arm Small Probe IFD 
and PNMH Cal Oafl 
Pyro. 

Provides power to the squib 
drivers for Small Probe IFD 
and BNMS Cal Gas Pyro start- 
ing 4. 0 seconds after the com- 
mand and ending 18. 5 seconds 
after the command. 

N/A 

Verified if associated fire command is accepted. 
There Is no telemetry Indication of PCI' arm/ 
disarm functions. 

ORD23 

ORDB3 

Fire Small Probe I FD 

If associated squib drivers are 
armed, fire Small Probe IFD 
squfbs. 

N/A 

Verified If all Small Probe temperatures, bilevel 
and timer verification telemetry go to full scale. 

ORH24 

ORDB4 

Hre BNMS Cal Cm 
P yro 

If associated squib drivers are 
armed, lire BNMS Cal Gas 
Pyro squibs. 

N/A 

Indirectly verified by proper instrument operation. 

OKD20 
OR DM 

Disarm PC 'i 2 

For some failure modes in 
which the timer In the PC I 
falls to disarm the squib dri- 
vers, this command will dis- 
arm them !f s^nt after 18.5 
seconds from arming. 

N/A 

There Is no t "rrmetry Indication of PCI arm/ 
disarm functions. 

' 
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FIGURE 3.6. 1-2 SHELF LAYOUT OF COMMAND SUBSYSTEM 


3.6-59 




09- 9* C 




FIGURE 3 6 13 MULTIPROBE COMMAND SUBSYSTEM REDUNDANCY BLOCK DIAGRAM 
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' fTimou start command. from any state except 6,10,11 and 


14 goes to state 1 

*T=l when a time delay command has been executed, and the time delay has not 
yet decremented to zero 

»T=0 when the time delay has decremented to tero 
■ COMMAND =0 for a time delay entry 
» COMMA N T t>=l for a command entry. • 

Figure 3.6. 3. 2-1. SCL State Diagram 
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3.7 COHHOMICATIOIIS SOBSYSTBN 

3.7.1 Subsystem Description . The Bus coeeunlcation 

subsystem generates an 5-band downlink signal* 
phase aodulates it with the PSK nodulated 
tolenetry subcarrier iron the telemetry 
processor* and transnits it* with noninally 
either 10 or 20 watts of BP power fed into one of 
several antennas. The subsysten also receives 
and deaodulates the uplink phase nodulated S~band 
signal and provides the PSK tones to the coanand 
processor. Beaispherical transait and receive 
coverage is provided for the S-band signals by 
the aultiple antennas shown in Figure 3. 7. 1-1. 

The forward oani covers approximately zero to 95° 
iron tne *Z axis, and 95° to 180° is covered by 
the aft oani. The aedina gain horn covers 
approxiwately 150* to 180® froa the *Z axis. 
Selection of the desired antenna and 
transwitter/receiver combination is accoaplished 
by aeans oi the BP switches, as sbotn in the 
functional block diagraa of Pigure 3. 7. 1-2 and 
the appropriate •OI/OPP® coanand of the power 
awplifiers and transponder exciters. Transponder 
1 receiver or transponder 2 receiver selection is 
done oy tuning tn» uplink frequency to the 
desired receiver's unique operating frequency 
(2111.266204 HBz and 2110.58410S HHz* 
respectively) since both receivers are always on. 
The "in-lock* status signal froa each receiver is 
sent to the coanand processor to guard against 
the aois© output of the unused receiver f ron 
being processed by the command processor. The 
transwitter consists of four K-watt solid-3tate 
power aaplifiers which can be operated one at a 
tine or in pairs, when operated in pairs* their 
outputs are sub wed by a 3 dB hybrid to provide 
the 20 watt S-band BP capability. Each of the 
four power aaplifiers is driven by a dedicated 
solid-state driver amplifier tb t receives its dc 
power froa the power amplifier power converter 
that it is driving. Ill four driver aaplifiers 
are driven simultaneously by aeans of the four- 
way power divider (6 dB hybrid, whose input is 
selected by the 5PDT switch (S-switch) to be 
either one of the transponder exciters) . A 
simultaneous transait and receive capability 
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through either of the two omni antennas is 
provided by the two diplexers. (The medium gain 
horn is usable for spacecraft transmission only.) 

The communication subsystem units are arranged on 
tne spinning equipment shelf as shewn in Figure 
3.7. 1-3. Placement of the units is intended to 
ainimize coax line length and KP insertion loss. 
The power amplifiers, due to their high internal 
heat dissipation, have been located over the 
shelf thermal louvers. 

A detailed Logic Plow diagram for the subsystem 
is shown in Figure 3. 7. 1-4 (Appendix C) . It 
identifies all command inputs to their terminal 
points, and all telemetry outputs from their 
generic sources. 

3.7.2 Onits Descriptions 

3. 7. 2.1 Transponde r. The transponder consists of a 
receiver section and an exciter section. A 
functional block diagram of the transponder is 
shown in Figure 3. 7. 2. 1-1. The frequency plan 
shown in the block diagram is given m terms of 
the s-band downlink frequency, nominally 2294 
Ns'z, as indicated by 240 F-j . The frequency 
indicated by F 2 is the second IF freonency and is 
nominally 12. 2S HHz. 

3. 7. 2. 1.1 Transponder Receive^ . The transponder receiver, 
hereafter referred to as the receiver, is an S- 
band phase lock receiver that demodulates the 
UDlinn command tones from the carrier and 
provides a frequency source for the exciter that 
is phase coherent with the uplink carrier. The 
uplinn HF is routed first to the BP converter 
module. This module limits the receiver 
predetection bandwidth to 60 HHz by means ot the 
preselector filter. 

After conversion to the first IF frequency of 
13?i , the signal is routed to the first IF 
amplifier where it is amplified and converted to 
the second IF frequency of F 2 . The second IF 
amplifier further amplifies the siqnal, performs 
narrow-band filtering and provides a hard limited 
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output and a linear output to the phase detector 
assembly . 

rue detector demodulates tne linear input to 
provide a coherent AGC and the in -lock signals . 
The haru limited inout is demodulated to provide 
the error signals tor the phase lock loop and the 
command subcarrier. The phase lock error signal 
is conuitroned by the second order loop filter in 
the V CO module. The output of the loop 'Iter 
controls the VCO phase and frequency and is also 
telemetered as the static phase error (SPB) . The 
VCO output frequency is multiplied and translated 
(via a tired oscillator at 2 F ,) in the local 
oscillator assembly to provide' the mixer 
frequencies oi cb F( to the KF converter, and 
(IJKl) - F , to the first IF amplifier modules. 

It also provides the reference frequency (2?,) to 
the detector module tor the coherent phase 
detection process. 

Power for the receiver modules is provided by a 
power converter that converts the nominal 28 volt 
input voltage (essential bus) to +9V (receiver) , 
♦4V (relay voltage for eiciter control functions) 
and -tv (receiver) . Overcurrent protection ior 
the teceiver is provided by a current limiter set 
at 20U t30 ma. Receiver fusing is included, 
externally in the spacecraft harness ( J/B amp 
luse). the receiver cannot be commanded OFF, and 
is ON whenever dc is applied to the dc input. 
Since both receivers are connected to the 
spacecraft essential bus, t.’.ey are always OM and 
receiver addressing is via appropriate uplink 
frequency selection. The important operational 
characteristics of the receiver are as follows: 
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• Noise Figure 

• Currier Threshold (at 
receiver input terminal) 

• Threshold Loop Boise 
Hand width (2 B L q) 

• Tract ing Capability 


• &CC Range 

• Coawand Capability 

• Coaaand Threshold 
(Calculated, for 

R5M * 3.5 x 10~*) 


7.4 dB 
-153 dBa 

18 Hr 

±200 KHz at 
55 Hz/sec at 
-140 dBa input 
level 

100 33 ainiaua 
None 

-118.6 dB»/a* 
(worst case 
flux density) 
(-13b. ol dBa at 
the receive 
aoteann output 
port) . 


L. Stabili ty (Also See Pigute 

ialxisJ -il : 


Condi ti op 


Transponder Transponder 


-4®P to 1 26 6 F 
♦ 32«P to +90OF 
at ♦ 3 1° F for 10 


22-0 kHz 
6.» kHz 
hours 3.8 kHz 


15.4 kRz 
4.1 kHz 

2.3 kHz 


Teloaetry In fora at 4Pfl tPgre.dgtaijs^^ 
\2 2SM l3-kl- 

• Autoaatic Gain Control (AGC) 

• static Phase Error (SPE) 

• ln-lock Status 

• ICO Tear >ratur\» 

Transponder Excite r. The exciter provides an S- 
band signal that is phase aodulated by the 
telemetry subcarrier. The frequency source tor 
the exciter is either the receiver VCO output, or 
tae redurdant transponder VCO, or an auxiliary 
oscillator in tho exciter. The frequency source 
is selected according to . e logic shown in Table 
3. 7.2-1. The auxiliary oscillator is OB whenever 
the exciter is ON, regardless of whether the 
receiver is locked to the uplink frequency or 
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not. The inhibit coherent mode coenand causes 
the exciter to use the auxiliary oscillator 
frequency source when the receiver is locked and 
the transfer to fCO coseand (test only* shorted 
out by flight test access connector) causes the 
exciter to use the unlocked VCO as the frequency 
source. Selection of the frequency source is 
done by a solid-state switch, with both sources 
always present at the input to the switch. 

A 30 signal, generated in the X 11/115 
Multiplier, is applied to the phase sodulator 
where it is phase nodulated by the telesetry 
subcarrier. The telemetry subcarrier from the 
telewetry processor is regenerated in the exciter 
in order to control the aaplitude of the 
modulating signal that is applied to the phase 
modulator. This makes the modulation inoex 
stability independent of the interface between 
the telemetry processor and the communication 
subsystem, thus resulting m a stable modulation 
index. The commandable selection of nodulation 
index is accomplished by attenuating the 
regenerated subcarrier with a variable voltage 
divider. The Xtf aultiplier/S-band power 
aaip.iiiier generates the 240 P-| output, amplifies 
it a, jo keeps the output level constant by means 
of an automatic leveling loop. 

A dc to do power converter provides ♦11, ♦^ and - 
n Vdc lor the exciter modules. Overcurrent 
protection for tue exciter is provided by a 
current li alter set for 360 ±50 ma. Exciter 
fusing is included externally in the spacecraft 
harness (3/4 amp fuse). The exciter is commanded 
•JN/OFF by the command that turns the power- 
converter ON/OfP. The OM/OFF command is such 
that only one exciter can be on at a time, but 
both can be off simultaneously. 

The important operational characteristics of the 
excitifr are as follows (further details of 
commands and telemetry are in Section 3.7.4 and 
Appendix A, respectively): 
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Bus Modulation 
Index 


Probes Modulation 
Index 


Auxiliary Oscillator 
feapera ture : 


Con Band able to 1.18 
radians or 0.65 radians 
(67.6® or 37.2® 
respectively) 
Coaaandable to 1.17 
radians or 1.025 
radians (67° or 57.3® 
respectively) . 

Frequency stability vs 


frequency (MHz) 


(SM 5) 


(SN 6) 


re aggra&iEg 

(Op) 

-40 

♦ 14® 
♦32® 

♦4 1® 
♦50® 
♦ 61 ® 
♦ 68 ® 

♦ 770 

♦ 90® 

♦ 125® 


2292.019800 
2292.030120 
2292 .0 000 

2292.037680 
2292.038400 
2292.038280 
2292.037800 
2292.037080 
2292.035640 
2292.034680 


2292.762000 
2 292.771840 
2292.777240 
2292 .778b80 
2292 . 779280 
2292.777160 
22 92.778680 
2292.777720 
2292.776280 
2292.773640 


• Coaaand Capability 
(Kefer to Section 
3.7.4) for details) 


• releaetry 
Inf oraation 
(Beter to Appendix 
A for details) 


Bxciter 1 ON, 2 OPP 
Exciter 2 ON, 1 OFP 
Exciters 1 and 2 OFP 
Bus High bod Index 
Bus Low Mod Index 
Probes High Hod Index 
Probes Low Mod Index 
Inhibit Coherent Mode 
Bestore Coherent Mode 
Transfer to VCO ON 
(test only) 

Transfer to VCO OPP 
(test only) 

Auxiliary Oscillator 
Teaperatur e 
Exciter 0H/3FF Status 
Inhibit/Best ore 
Coherent Mode Status 
Transfer to fCo ON/OPP 
Status 
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3. 1. 2. 2 Driver hmpjiiier . The driver amplifier consists 
of three transistor stages that asplify the +14 
dBa input fros the exciter to approximately +34 
dBa. The lit-t stage operates as Class B and the 
second and third stages operate as Class C. The 
dc power for the driver amplifier is supplied by 
the power amplifier dc regulator. There are no 
fuses or current limiting in the driver 
amplifier. There are no consands or teleaetry 
tor the driver asplifier. The driver amplifiers 
are turned OH/OPF whenever the power amplifiers 
ar turned 0N/1DPP respectively. 

3. 7. 2. 3 Power Amplifier . The power amplifier amplifies 
the i>-band output signal from the driver 
amplifier and provides a minimum of 9.5 watts 
output. This is accomplished by two high power, 

ASC3005, transistors in parallel. The H? input 
power is split into two paths by the same type of 
3 dB hybrid that combines the output from ihe two 
MSC3005S, as shown by the block diagram in Pigure 
3. 7. 2. 3-1. The two transistors are protected by 
the output isolator, so that it is possible to 
operate the amplifier into an open circuit or 
short circuit (due to spacecraft failure), 
although operationally this should always be 
avoided due to the additional stress encountered. 

DC power for the two BF transistors is provided 
by a temperature compensated series regulator. 

Temperature compensation is necessmry to limit 

the current consumption to the specified 1.2 

amperes at the ambient and lower temperatures 

wuere the transistors put out more HP power but 

draw more current. This regulator also supplies 

the dc power to the driver amplifier. The 

control circuits for the amplifier are in the dc 

section or '•dc frame". on/Off control is 

accomplished by means of ». latching circuit that 

latches the regulator on with the "ON" pulse 

command and turns it off with the "OPP" pulse 

command or if the bus voltage drops to a level of 

approximately seven volts. There is also current 

limiting, which is set at two amperes, and if the \ 

fault is such so as to cause more current to be *<■ 

drawn, the regulated voltage will decrease ("fold ? 

back") in order to maintain the two amperes f 


\ 
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3.7.1.4 


current iinit. Furthermore, for a severe fault, 
the regulated voltage can fall below the seven 
volts threshold and the regulator will unlatch, 
that is torn off. The aaplifier can be turned on 
again by the N 0M” conaand but, if the fault still 
exists, it will only shut off again. 

The pover aaplifier is fused internally with two 
(2) four aepere fuses and a 0.2 oha resistor is 
in series externally in the harness with one fuse 
so that one fuse will always blow first. 


• Powgf.|REjj : iie£.gpgfg.Uonat_£baift£^jAgtifg 


Output power 
Current Consumption 


Current Liv»m 
Minimum Bus Voltage 
to Beaain "Latched" On 
Teleaetry Inforaation 


9.5 watts ainimo* 
1.2 amperes (0.4 
aaperes additional 
for driver 
aaplifier) 

2 aaperes 
7 volts 

Power Output 
Amplifier 
Tewperat ure 
(Beter to Appendix 
A for details) 


Hybrids, Diplexer, Isolator . Two types of 
hybrids are used in the Bus Communicat ion 
Subsystem. The 6 dB hybrid is used to split the 
output power of the exciter four ways to drive 
the lour driver amplifiers. The 3 dB hybrid is 
used at. a oower summer to combine the output of 
two power amplifiers. Both hybrids are passive 
devices and have no coaaand or telemetry 
capability . 


Diplexer . The diplexer permits simultaneous 
transmission and reception through the same 
antenna. The diplexer utilir.es two coaxial (TBH) 
mode filters connected as shown in the schematic 
in Figures 3.7.2.4-lA and 3.7.2.4-1B; operation 
is explained by the blocl diagram in the sane 
figures. energy froa the transmitter is 
prevented froa entering the receiver by the 
bandpass filter at the receiver port that is 
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tuned to the receive center frequency. This 
filter has high attenuation at the transmit 
frequency and low attenuation at the receive 
frequency. Transmitter energy due to spurs that 
eight fall into the receive band is attenuated by 
the baud reject filter that is tuned to the 
receive frequency also. This filter has high 
attenuation at the receive frequency at the 
transmitter input port but looks like an open 
circuit at the antenna port at the receive 
f req uency . 

The response of the SI 5 diplexer, for a 
combination of each of the ports, is shown in 
Figure 3. 7. 2. 4 -2. Since the diplexer is a 
passive device, it has neither a command uor a 
telemetry capability. 

Isolato r . The isolator is a three-port ferrite 
circulator w*th a matched termination on the 
third port. The termination is capable of 
dissipating 12 watts. The signal is passed in 
tne forward direction with very low insertion 
loss (less tnan 0.3 dB) and with very high 
inseition loss (greater than 25 dB) in the 
reverse direction. It is used between the driver 
amplifier and the power amplifier. The power 
amplifier is protected by its own bult-in 
isolator (same basic design, but 40 watt 
termination) . 

3. 7. 2. 5 Switches and Switch Driver . Two types of RF 
latcning relay switches are used in the Bus 
Communications Subsystem, an S switch and a C 
switch. The S switch is a SPDT switch and the C 
switcn is a cross-over switch in which two inputs 
are anteruated between two outputs, as shown in 
Figure 3 . 7. 2. 5-1. 

Two coils are used on each switca, one tor each 
positior , thus requiring two circuits to provide 
the switching current pulses. In the absence of 
switcning pulses, the switches remain in the 
state corresponding to the last pulse. Jk minimum 
coecntied pulse voltage of 24 volts is required 
to cause switching. 
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S witch Driver . The switch driver consists of 
seven identical nodules packaged in a single 
unit. Each moaulc is basically two command pulse 
amplifiers which increase any one of the input 
command signals to the voltage and current levels 
required to operate the BP switch. The standard 
35 nsec, 8 to 17 Vdc cowwand pulse at any input, 
eoQttols a transistor switch that applies the 
unregulated Bus (essential bus) to the designated 
HJ switch coil; pulsing a "2* comand input 
provides a pulse to the *2 m side of the HP 
switch, ana a pulse at a "I" input provides a 
pulse to the "1* side of the switch. A bilevel 
telemetry output is provided to indicate 
commanaed switch status. A "0" indicates that 
the last executed signal was position *1* or 
"normal" and a "1“ indicates that the last 
executed signal was position "2" or "reverse*. 

When j-o wer is first applied, or removed and 
reapplied, the telenetry cones up in the "0" 
state, regardless of the actual switch position, 
fne svitch drivers are connected to the 
spacecraft essential bus. 

3. 7. 2.6 Antenna s. The Bus utilizes a forward owni and an 
ait omni antenna to obtain 4 ir steradia n antenna 
coverage for command reception (each is connected 
to its own coanand receiver at the s e tiae) , 
and telewefry transmission (only one oinx tiae is 
usable with a transmit ter in a normal operating 
node). Additionally, the aediua gam horn 
provides (transmission only) directional coverage 
centered on the spacecraft ninus Z axis. A brief 
description and a performance summary for these 
antennas is given below: 

3. 7. 2. 6.1 A ntenna Descriptio n 

Medium Gain Horn Antenna Description . The medium 
gain horn antenna is a simple conical 
configuration. The horn is mounted on the aft 
end of the Bns to provide communication coverage 
(transmit only) for elevation angles from 150 to 
180° referenced to the plus 2 axis. Right hand 
circular polarization is provided. The horn is a 
thin aluminum shell 0.030 inch thick with a 4- 
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bolt aole base flange, two adjustable tuning 
screws (also alnninua) and a THC connector. 

Forward Oani Antenna Description . The forward 
oani antenna is a two-are log conical spiral. 
Identical units are aounted on top of nasts 
located on the forward side of both the 
nultiprobe Bus and Orbiter spacecrafts to provide 
BF cosaunication coverage over angles froa 0® to 
approxiw ately 95® froa the pins £ axis. 

The antenna consists of an epoxy glass conical 
snell on which two copper conductors are 
deposited. The radiating eleaents are f e i at the 
top of the cone by a aicrostrip balun which is 
supported in a fiberglass tube. A coax to 
micxostrip transition is located at the base of 
the antenna. This design radiates a right-hand 
circularly polarized axial node pattern. 

1ft Owm Antenna Description . The aft oani 
antenna is a cow won turnstile element above a 
conical ground plane. Identical units are 
aounted on top of aasts located on the aft end of 
both the nultiprobe Bus ana Orbiter spacecrafts 
to provide BF cows unication coverage over angles 
tron 95° to 180® froa the plus 2-axis. 

The turnstile elaaent is used to produce circular 
polarization and typically produces a relatively 
narrow 3 dB beat width (70°) pattern. The conical 
qvouna plane is incorporated to broaden the 
bodawmth and generate the nearly heaispherical 
gain coverage. 

The antenna is all aluninua welded construction 
except torn a saall teflon dielectric bead in the 
input connector. 

3.7 -2.6.2 Antenna Patterns 

Oani Antennas , h plot of the ainiaua EIMP 
(Effective Isotropic Radiated Power) for the 
forward and aft oani antennas, is given in Figure 
3.7. 2.6-1. The difference between this plot and 
actual antenna gain is that the transaitter power 
and circuit loss to each antenna has been 
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include*!; however, the shape ot the curves is 
identical to the actual antenna qain. Such a 
presentation has been lodged to be sore useful 
due to the desirability of indicating the 
spherical antenna coverage of the spacecraft on 
one set of coordinate ares and since c?ch antenna 
has different feed circuit loss. It is important 
to note that Pigore 3.7. 2. 6-1 includes the 
ainiaua gain of the antennas at each elevation 
angle as a function of aziauth. That is, the 
plots are obtained by aahing r.n antenna 
''easureaent while holding elevation angle 
( instant and varyi nq the aziauth angle. The 
ar auth angle, for which the gain is ainiaua, is 
then used to derive Figure 3. 7. 2. 6-1. The 
variation between ainiaua and aaxiaua gain is 
indicated by the conic plots, or gain versus 
aziauth ar jle, given a constant elevation angle 
(b) , as shown in Figure 3.7.2.6-2A for the 
Forward Oani, and Pigura 3.7.2.6-2B for the 1ft 
Oani . 

The ainiaua receive gain for the oani antennas is 
snown in teras of flux density in Figure 3. 7.2.6- 
3. The coaaand link threshold, is based on the 
specified -102.3 dba per sgoare aeter aaxiaua 
uplink power density, and a bit error rate (BEB) 
of 3.6 x 10~*. This BEH has been shown to 
provide the specified probability of false 
coaaand execution and aissed coaaand, and 
corresponds to a signal to noise ratio of 17.2 dB 
at the transponder output. 

Heaiua Gain Horn . 1 suaaary of the aediua gain 
hem perforaance is given in Table 3. 7. 2-2. A 
diagraa of the Hern antenna pattern coordinates, 
with definition of 9 and p, is shown in Figure 
3. 7. 2. 6-4. The a2iauth 07 = 0°) and elevation {ft 
= 90°) patterns lor the Horn flight unit for 
f-'2296 HHz are shown in Figures 3.7.2.6-S and 
3.7. 2.fo-b, respectively. Conic pattern cuts at © 
= bo, 20°, and 30° are shown Id Figure 3. 7. 2. 6-7. 
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3.7 3 .1.1 Transmission Modes . The Bus conn u nica tion 

subsystem has a number oi operating nodes which 
are defined according to the transnitter 
configuration, the antenna used, and the receiver 
used. The two basic transnitter nodes are high 
power and low power, but since there are 
redundant power amplifiers, there are several 
combinations of amplifiers available + or each 
node. Furthermore, there are two basic routes 
that the UK power can take, either to 'the horn 
or fwd onoi) or to the ait onni. Table 3. 7. 3-1 
lists the rodes which result fron these various 
combinations . The switch positions, and 
associated coanands and telemetry plus tne power 
amplifier coanands and teleaetry for the twelve 
transmitter nodes, are given in Table 3.7.3- 1. 
Eighteen spacecraft BP transmission nodes result 
iron the 12 transnitter nodes being used in 
conjunction with the three spacecraft antenna, as 
given in Table 3. 7. 3-2 (only odd number 
transmitter nodes are used with the horn or 
forward oani antennas and even noaber transnitter 
modes are used with the aft oani) . Another 
eighteen spacecraft transmission nodes (total of 
3&) exist as a result of using transponder number 
two exciter (number one exciter is used for the 
first 18 modes). Switch positions, commands, and 
associated telemetry for the tbirty-six 
spacecraft transmission modes are given in Table 
3.7 .3-2. The telemetry indications given in 
Tables 3. 7. 3-1 and 3. 7. 3-2 provide a convenient 
means tor identifying the spacecraft transmission 
■odes. The spacecraft EJEP for the first Id 
modes (identical tor second Id) is given in Table 
3.7. 3-2. 


The communication subsystem has the capability of 
being commanded to either a Bu3 high modulation 
index (1.1b radians) (R1H11 or B1HA1) or a Bus 
low emulation index (0.65 radians) (fllLlI or 
nil. A 1) for bus telemetry subcarrier modulation of 
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the downlink carrier. In general, for Bos 
subcarrier only operation (ill Probes sobcarriers 
OFP) the Bus high modulation index is utilised 
tor tae Bus higher data rates, and the Bus low 
modulation index is used for the Dus low data 
rates. When the 3ns data stream is operated 
concurrently with any probe data stream (dual 
subcarrier rode) however, use of Bus low node 
index is recommended, regardless of choice of Bu‘‘ 
data rate. 


Analogously, the capability of being commanded to 
either a probes high modulation index (1.17 
radians) (81821 or B1HB1) or a probes low 
modulation index (1.025 radians) (BIL^I or BIL81) 
exists for probes telemetry subcarrier mol ration 
of the nwnlink carrier. In general, fo Probe 
subcarrier only operation (Bus subcarrier OFF) , 
tne probes high modulation index is utilized for 
the higher data rate trow the probe, and the 
probes low modulation index is used for the lower 
data rate fro* the probe. When any probe data 
stream is operated concurrently with the Bus data 
stream (dual subcarrier mode) , use of the probe 
low mod index is recommended for most phases of 
the mission, regardless of choice of. the probe 
aata rate. 

When either the probes high or probes low 
modulation index is cowmanded, the Bus modulation 
index is automatically switched to low. Bus high 
modulation index could be reinstated, if desired, 
following a Probes Bod Index command, by 
commanding Bus High Modulation Index Select, 
although such a configuration is generally not as 
efficient (Higher Bit Error Rate) as using Bus 
Low Bodul itioa Index in the presence of a probe 
subcarrier . 

The Probes modulation index selection is applied 
within the v.owmu ni cations subsystem to whichever 
probe subcar rear it receives, i.e., whichever 
oiobe is powered ON. Whenever any probe is 
turned 08, the associated subcarrier is turned 0* 
automatically. The Large Probe subcarrier can be 
commanded OPF via the Bus uplink while Large 
Probe power remains ON, but the same is not true 
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lor any Snail Probe (a Sue 11 Probe subcarrier can 
be coaaanded OFP while it*s power renains OB only 
via it*s entry sequence programmer capability) . 
The Large Probe subcarrier can be commanded ON 
again via the Bus uplink by sending a data rate 
selective command (LBR13 for 256 bps select, or 
LBR14 for 128 bps select), or sending the (Large) 
Probe Checkout Power OB command again (PC019 or 
PCOk 9) . 

Attempting to tr an salt two probes subcarriers 
simultaneously will result in garbled data, as 
each Snail Probe subcarrier is at the sane 
.requeu^y (~4KKz) , and the Large Probe subcarrier 
is close enough m frequency (^ J KHz) to cause 
garbled data when generated sir ultaneousiy with 
any one Snail Probe subcarrier. 

Further details regarding Probes* communications 
operation is contained in Sections 3.7.9, 5.1 and 
5.2. 

Downlink S-band carrier only operation is 
possible by cons an ding the BOS subcarrier OPP via 
the Telemetry Processor Control consand (TPCQ1 
ior TP1; TPCQk for TP2) , concurrent with all 
piones being powered OPP. 

Telemetry will indicate a non-zero BP outpot 
power lor a power amplifier only when an exciter 
is turned ON to provide fi? input to that 
amplilier. (Reference: Paragraph 1.5.18). 

Telemetry data rates vs. tine m the nominal 
mission for Bus only trausnission are shown in 
Figures 3. 7. 3-1 and 3.7. 3-2. These were 
extracted from Reference : Paragi^^h 1.5.31. 

Telemetry data rates vs. tine in the nominal 
mission for Bus/Large Probe, and Bus/Small Probes 
combinations (all via the Bus downlink carrier) 
are shown in Tables 3.7.3 -3 and 3. 7.3-4. 

3/7.3. t . 2 Reception Bqfl ea. Since the two transponder 

receivers are always powered “OB*, their us*’ for 
reception of the uplink signal is controlled by 
selecting the uplink frequency to correspond to 
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the nominal rest frequency of the desired 
transponder (transponder 1 :21 1 1 .266204 HHz and 
transponder 2: 21 10 .584 105 BHz) . It is also 
necessary to tale into consideration which 
antenna is connected to the desired receiver and 
the con* unreal ion angle as determined by the 
spacecraft attitude, in general, whenever the 
bus is oriented perpendicular to the ecliptic 
plane either the Ait Owni or the Fvd 0»ni will be 
selected for both transaission and reception. 

The alt omni antenna is always connected to one 
receiver and the fwd owni antenna is always 
connected t.o the alternate receiver, as shown in 
Table 3.7.3-b, but the choice between forward 
u»m and att oMi tor reception is dependent or 
('ukiuiucdt ion angle (as dictated by spacecraft 
orientation) and the desired transmiss ion node, 
as given in Table J.7.J-2. 


The receiver reverse command eliminates the 
possibility of losing reception capability due to 
several possible spacecraft failures. These 
possible failures are receiver failure, and other 
failures -uich cause uplink communications to be 
lost. In the avont of one of these failures 
occurring, the on-board conwand processor 
automat! cally issues a receiver reverse comma" * 
alter a period ot 30 hours has occurred without 
processing any spacecraft command. The command 
is sent to coax switch 1SW022 and causes the 
forward omni feed line to be connected to the 
downlink signal path. At the same time, the 
antenna input connections to both transponder 
receivers are reversed by actuation of coax 
switch 1 SHU 18. 

Hnen Lne receiver reverse command is executed by 
tne spacecraft, the uplink frequency must be 
shitted to that of the transponder which will be 
connected to the forward omni . Also, the 
down’, ink will be connected automatically to the 
forward omni, and the new downlink frequency will 
become 249/221 times the new uplink frequency 
alter onboard phase- lock is established. 

The receiver reverse command may also be actuated 
by ground command, as discussed m Section 3.6. 
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However, when actuated by ground command, only 
switch 1SM019 is actuated. 

3. 7. 3. 1.3 re citer and Coherent Bode Psaoe . Either Erciter 
1 or Exciter 2 can be used with either receiver. 
Automatic cross strapping of the coherent 
frequency rource free the receiver that is in 
lock is provided, as described in 3. 7. 2. 1.2. 

Thus, although Exciter 2 (also Receiver 2) is 
designated as the priaary exciter. Exciter 1 can 
used as well. However, after sose in-flight 
operational history of the spacecraft has been 
accumulated, one of the exciters aay appear more 
desirable froa the standpoint of frequency 
stability of the auxiliary oscillator when in the 
non-coberent aode. 

Coherent Bode Versus Mon-Coherent Bode . The 
normal operation of the spacecraft will be with 
simultaneous uplink, and downlink, thus providing 
for coherent operation of the communication 
links. As long as the last coherent node command 
executed by the spacecraft was "Restore Coherent 
Sode" (COH 19 or C0HA9J , then selection of the 
auxiliary oscillator automatically occurs with 
the absence of an uplink, and the coherent node 
is automatically selected when uplink lock 
reoccurs. The "Inhibit Coherent Boae" command 
(COKIj/ or COBip) prevents this automatic 
transference in either direction, and causes the 
auxiliary oscillator to be the frequency source 
whether o~ not an uplink is present. 
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3.7 .3. 1.4 Connonication, Subcfg ten Initial it at ion . Upon 
application of DC power to the connnnication 
subsystem, the units will be in the following 
states: 


; "Initial DC Power 
Unit ! ON* State: 



Consents 

xxxatxc xsrar szrx xxx3=.cxxs:3S2 



Transponder 

Receiver 


Exciter 


N/A 


OK /OFF IB - 


I Receiver in on the S/C 
essential bus and is there- 
fore always ia. 

"OPP» j 


i Transfer to ¥C0 j Test only - Sired out for 
TB - "OFF" ! flight. 

i Inhibit/Kestore 
l Coherent - Bode 
?H - "Restore" 


Probes Bod Index i 
! (Mo TB) - Bigb 

i — j— 

Bus Mod index i 
(Ho TB) - High 


Power &np ' ON/OFF TB - "OFP" 

i Driver Anp j Sane as Power ; 

j Anpiifier | 

■RF Coax Sw. i M/A Baguetic latching; will be 

j ! in state of last conwand 

i i that was sent . 

j Switch ti/k ; Each Switch Driver is on the 

j Driver j essential bus and is there- 

j | ; fore always ON. However: 

' ! • For initial S/C power up, 

I j the switch driver 1 LB 

, i ; will initialize regard- 

less of switch position 

; J ! in the logic "0* st^.ce 

| (* position 1) . 
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■Initial DC Poser 
DM" State: 


I£3£ZSX£43 


I 


i 



1 


Coaaent s 





• The switches aost be 
commanded to their 
desired position in order 
to force the status bits 
to indicate actual switch 
position. 

• The fact that a switch j 

command changed the 
appropriate status bit to j 
indicate the switch has 
moved to the proper | 

position does not yuaran- ; 
tee that the switch 
actually moved . It only j 
indicates that the 
’esired cc® a and pulse was 
generated. i 


Ose oi Redundancy . The Bus Coaaunication 
Sunsystea contains four (4) power amplifiers 
whrcn offer a redUQ.iai._j ->t high and low power 
■ odes, as discussed in 3. 7. 3.1. Iwo transponders 
offer ud1j.uk reception -redundancy, as discussed 
in 3. also. The 4ft Oani offers redundancy 

fur the 3ediu* 3 a i n Horn for earth look angles 
ISC 0 to 1800 w.r.t. the spacecrait *Z axis. 
However, this redundancy is at the expense of 
degraded imk performance, i.e.» a lower data 
rate . 

Hon-St a ndard .lodes . The non-standard nodes for 
the bus Communication Subsystem are as follows: 

(a) Only 1 power amplifier "ON" tnat is 
connected to the 3 dB hybrid (power 
summer): It is possible to configure 

3SMQ19 or 3SU022 so that either 
amplifier 1, 2, 3 or 4 only is *0M“ and 
connected to the input of the 3 dB 
hybrid. This will result in a power 
output from the hybrid of approximately 
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5 watts, nth 5 vatts being dissipated 
in the integral hybrid load. In this 
■ode r the hybrid mounting surface 
temperature will reach the acceptance 
test level of 136°F, but theraal 
analysis indicates that the internal 
teaperature aay reach 165®f. Although 
the nybrrd will probably survive, this 
■ode is not recommended as a noraal 
operating aode. 

(b) simultaneous transaission through a 

(born or fwd ocni) antenna and the ait 
oani antenna; The coaaunica lion 
subsystea aay be configured so that the 
downlink teleaetry signal is 
transmitted by (either the horn or fwd 
oani) antenna and the aft oar.. There 
is no readily apparent adrantage to 
this aode and it aay create an erratic 
and poorly shaped radiation pattern due 
to the interferometric effect of two 
nearby antennas radiating the saae 
signal. Furtheraore, this oon-standard 
aode necessitates the use of non- 
standard aode 1 discussed above, since, 
by design, one antenna would be fed by 
a power amplifier (1 or 2) that 
bypasses the 3 dB hybrid, and the other 
antenna would be fed by a power 
amplifier (3 or 4) via the 3 dB hybrid. 

3. 7. 3. 4 operational Restrictions . The following 

restrictions apply to the operation of the Bus 
Coaaomcation Subsystea; 

(a) Do not switch "Hot*, i.e., do not 

change the position of an RF switch 
while an RF transmitter signal is 
passing through it, except in an 
emergency situation (Reference: 
Paragraph 3.5.21). The power 
acplifiers should always be coaaandea 
■OFF* before actuating the RF switches 
that fc-'d RF into thee, or pass BF from 
them,. This is to protect both the 
switcher rnd the power amplifiers. 
Inadvertent failure to observe this 
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restriction is not likely to damage 
these units, but repeated violations 
■ay eventually inflict damage. 

The following sequence of 
operations should be carried out if 
switching of BF switches is to be 
performed: 

(1) Turn off units which provide input 
BF power to the switch (if such 

units are coaaandable) . 

(2) Turn off units which obtain BF 
power froB the switch (if such 

units are coeaandable) . 

(3) Initiate switch command. 

(4) Torn on units turned off in (2) . 

(5) Turn on units turned off in (1) . 

(6) Verify switch is in proper con- 
figuration by teleaetry and/or 

spectrua analysis. 

in an emergency situation, where 
an BF link aay be lost unless switching 
is quickly performed, hot switching is 
allowed. Steps (3) and (6) should then 
be executed in that order. 

(b) Sever operate a power aaplifier inti) an 
open circuit. This restriction applies 
to amplifiers 3 or 4. Caution aust be 
used to ensure that stitch 3SW022 is 
configured so that the 3 dB hybrid is 
connected to whichever aaplifier is 
turned *0M* or about to be coaaanded 
*0M". Refer to Table 3. 7. 3-1 for the 
correct switch position and coaaand. 

(c) The spacecraft Aft oani should not be 
used at launch, as the geoaetrical 
interference froa the attached Centaur 
is significant. 

(a) The 3 dB hybrid is used as a power 
suaaer to coabine the output of two 
power amplifiers. Should only one of 
the two power amplifiers, that supply 
an input signal to the hybrid, be "0N M , 
hall of the signal pouer will be 
dissipated in the integral hybrid load 
and the other half, approximately five 
watts, will be output signal froa the 
hybrid. Operation of the hybrid in 


1 
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this aanner will cause the hybrid to be 
hotter than normal. hi though the 
temperature will he within the hybrid 
design limitations, this mode is not 
recommended for normal operation. 

(e) The best lock frequency of the P~V 
receivers will "push" if the 
acquisition sweep rate is low. That 
is, the spacecraft receiver VCO will 
move away from the uplink signal. 
Motorola has stated the maximum rate 
the f CO will "push" is 5.9 Hz/sec and 
have recommended that acquisition sweep 
rates be greater than 70 Hz/sec. 

During the weak signal compati- 
bility testing at CTA-21, an 
acquisition sweep rate of 10 Hz/sec 
caused no pushing while a 5 Hz/sec rate 
definitely did. It is recommended a 
minimum acquisition rate of 15 Ez/sec 
be used to provide a healthy margin of 
safety . 
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3.7.4 Communications Subsystem Conn and Response . Table 

3. 7.4-1 presents the coaaand responses for the 
Coin unicat ions Subsystem. The table lists emery 
command that directly affects the subsystem* and 
the teieaetry indication that aerifies the proper 
execution of the command. The mnemonics for the 
command and telemetry parameters are also 
included. 

When a unit is in the nnpowered OFF state, all 
telemetry from that unit fill be reading zero 
(uncalibrated) , except temperature telemetry 
which is powered by DIBs. 
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TABLE 3. 7. 2-1 

TRANSPONDER EXCITER FREQUENCY SOURCE SELECTION LOGIC 


Telemetered 
Command Status 

Telemetered 
In Lock Status 


Inhibit 

Coherent 

Mode 

(RCOHXS)*3 

T ransfer to* 

VCO 

(RVCOXS)*3 

Own 

Receiver 
In Lock 
(RLOKXS)*3 

Redundant 
Receiver 
In Lock 
(RLOKYS)M 

Selected Frequency 
Source for Downlink Only 

0 

0 

No 

No 

Auxiliary Oscillator *2 

0 

0 

No 

Yes 

Redundant Receiver VCO 

0 

0 

Yes 

Either Yes 
or No 

Own Receiver VCO 

0 

1 

No 

No 

Own Receiver VCO 

0 

1 

No 

Yes 

Redundant Receiver VCO 

0 

1 

1 

Yes 

Either Yes 
or No 

Own Receiver VCO 

1 

Either 0 or 1 

Either Yes 
or No 

Either Yes 
or No 

Auxiliary' Oscillator *2 


♦Test Only. This command Is disabled (set to a permanent "0" state) by ground connection made 
by test access flight plug. 


♦2 Auxiliary' oscillator is always the one on in the exciter of interest, since only one exciter can 
be commanded on at a time, 

*3 X = 1 or 2. 

•4 Y - Designation for Redundant Receiver, (i.e, , when X = 1, then V = 2; and when X = 2, then 

Y = 1). 
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TABLE 3. 7. 2-2 

MEDIUM GAIN HORN PERFORMANCE SUMMARY 



♦NOTE: Electrical Borealght axis Is mountcu, within a maximum misalignment 
tolerance, to be coincident with the cruise mode S/C minus Z axis. 



Orig. Iasn* 
Bevision Ho 





NOTES: 3 


i Mode: Forward Omni i* in i 
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TABLE 3. 7. 3-2 


BUS SPACECRAFT RF TRANSMISSION MODES 



tO 

tr 

M* 

o 

9 
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TABLE 3. 1.3-3 

LARGE PROBE CHECKOUT (DUAL SUBCARRIER) DATA RATE CAPABILITY 


A. 

L + 60 Days 





Output Power = 20 Watts 




Ground Antenna = 

64 Meter 




Bus Antenna = Forward Omni 





Launch Date 

Maximum Data Rate 

Modulation Index 

■ 


Large Probe 

BU.5 

Large Probe 

Bus 

■ 


Before August 16 

256 

32 

67.0° 

37.2° 

■ 


After August 16 

256 

64 

67.0° 

37.2° 

1 





| 


E - 27 Days 




■■■ 

Output Power = 20 Watts 



1 

Ground Antenna = 

64 Meter 



I 

Bus Antenna = Medium Gain Horn 



m 


Communications 

Angle 

(Angle from-Z 
Axis) 

Maximum Data Rate 

Modulation Index 

■ 


Large Probe 

Bus 

Large Probe 

Bus 

I 


0° - 22° 

256 

256 

67.0° 

37.2° 

I 


22° - 30° 

256 

128 

67.0° 

37.2° 

8 


30° - 36° 

256 

64 

67.0° 

37.2° 

■ 


36° - 38° 

128 

64 

67.0° 

67.6° 

1 





Hi 
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TABLE 3. 7. 3-4 

SMALL PROBE CHECKOUT (Dl'AL SI’BCARRIER) DATA RATE CAPABILITY 


A, L ♦ 60 Days 

Output Power * 20 Watts 
Ground Antenna * 64 Meter 
Bus Antenna = Forward Omni 


Maximum Data Rate 

Modulation index 

Small Probe 

Bus 

Small Probe 

Bus 

64 

128 

58. 4° 

37. 2° 


B. E - 27 Days 

Output Power = 20 Watts 
Ground Antenna *= 64 Meter 
Bus Antenna * Medium Gain Horn 


Communications Angle 
(Angle from -Z Axis) 

Maximum Data Rate 

Modulation Index 

Small Probe 

Bus 

Small Probe 

Bus 

0° - 2° 

64 

1024 

58.4° 

37. 2° 

tc 

o 

1 

*-* 

<T> 

O 

64 

512 

58. 4° 

37.2° 

16° - 25° 

64 

256 

58,4° 

37.2° 

25° - 32° 

64 

128 

58.4° 

37. 2° 

32° - 37° 

64 

64 

58.4° 

37. 2° 

37° - 42° 

64 

32 

58.4° 

37.2° 

42° - 44° 

16 

32 

58.4° 

67. 6° 
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TABLE 3. 7.3-5 

RECEIVER/ANTENNA COMBINATIONS 


Receiver 

Mode 

Switch 
Position for 
1SW019: 

Telemetry 
Indicator 
(RRCVRS 
Bit State) 

. , / s/c 

Antenna / v . , 

Tt , _ / Xmission 

Used By /., , 

Receiver 1/ Mode < From 
Receiver 1 j Table3>7 #3 _ 2) 

Antenna / S ^ C 

Used By L™*?™ 

Receiver 2 / e ,5°™ 

/ Table 3. 7. 3-2) 

Normal 

Position 1 
(Switch 
"Normal" 
State) 

0 

Fwd Omni/ Any 

Aft Omni/ Any 

Reverse 

Position 2 
(Switch 
"Reverse" 
State) 

1 

Aft Omni/Any 

Fwd Omni/Any 



NOTE: See Table 3.6. 4-1, Section 3.6 for explanation of "CP Configure" command ibat Is 
used to change the receiver modes. 
















te-rt 


TABLE 3.7, 4-1 


BUS COMMUNICATIONS SUBSYSTEM COMMAND RESPONSE 


COMMAND TITLE 


POWER AMPLIFIERS 


j Power Amplifier l ON/2 

5 OFF. 


Power Amplifier 2 ON/l 
OFF. 


Power Amplifier* t end 


MP3« Power Amplifier 3 ON/ 


] Power AmpUfier 4 ON/ 
» 3 OFF. 


COMMAND DESCRIPTION AND 
SUBSYSTEM INTERNAL RESPONSE 


; tm 

! MNEMONIC 


TM TITLE AND/OR REMARKS 


Actuate# eolld etete switches within PAi and PA 2 eo that 
PA2 Is turned OFF end PAI le turned ON. 


Actuate# solid etate switches within PAI and PA2 »o that 
PA2 te turned ON and PAI la turned OFF. 


Actuate# eoUd etate ewltchee within PA l and PA 2 eo that 
PAI and PA2 are turned OFF. 


Assumes PAI vti previously ORi 

RF Power OAput l - T~~ to V* Watte W S/C Ambient) 

Rl Pcm«r Output 2 - <1 Watt # 8/C Amble*) 

PA lTemperature rlaea and eettlee at to 1#4*FH9 S/C Ambfeat) 

PA 2 Temperature Daorease* ft eettlea at the rwage of 77^ to M^F. 
S/C Load# currant lacreaeae by appronlmatety 1 . 5 Amp. 


Aaaumee PAI waa previously ONt 

RF Power Output 1 - <1 Watt (f 8/C Aaablentj 

RF Power Outpi* 2 -13 to 16 Watta <0 S/C Ambient) 

PAI Temperature Deecreeea and eettlee wi the rawfe of M* to 104° 
PA2 Temperature Rlsee and Settle# et the range of (8f® to lOe'V). 
S/C Load* current increase# by appmnrimately 1.5 Abmm. 


RAM PIT/ 
RAMP2T 


RF Power Output 1 - < 1 Watt (At S/C Amble*). 

RFPower Output 2 - c l Watt (0 S/C Amble*). 

Aooordtnf to which of the PAI or PA* waa previously ON, PAI temp 
or PA2 temperature decrease# aad eettlee at r*s*e of (M° to IP4°F) 


S/C load# current dec re 


> by approximately l. • ampe. 


Actuate* eolld etate ewltchee within PAS and PA4 ao that 
PA4 te turned OFF and PAS ie turned ON. 


Boa vottaf# limiter current likely laoreaaee by the earn# iwxit aa 

_ 

Aaeumea PA3 and PA4 were previously OFF: 

RF Power Output 3 - 11 tolTwatte <t8/C Ambteot)'. 

~RF Power Output 4 - < t Watt. — — 

PAS Temperature rteea and eettlee aft 7ft*' to Sft^F. 

S/C Load# current too r e ae** by approadmately i . & ampe. ” 

Bua vottafe U miter ourre* likely decreases by same amount aa PBU8U 
has increased. 


Actuate# eolld etate ewltchee within PAS and PA 4 eo that 
PA4 le turned ON ami PAS la turned OFF. 


NOTE 41 . The foil owl a* telemetry will i 
Section 3. 7. 3. 3). 


t be monitorable when the command la decided unlee a PA3 OR 1 


i Aeaumae PAS and PA4 were previously OFF: 

~~ SIP Power output 3 - < i Watt. — 

i RF Power output 4 - < 11 to 13 Watta. <0 8/C Anbl **) 

] PA 4 Timpmnture rlaea A settle# at -78° to *4*F. 
f 8/C Loads current Inc r e a se s by approximately *• 5 Amp*. 

) Bus voltafe llmiter <mrrem iikely decreaaee by the earn# amount aa ~ 

- J _ PBU8 

r the downlink (this would rtauftT In txm- standard mode #1 as do^ribwd Tn 
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TABLE >.7.4-1 _ (COM 
! COMMA WD | C 


COMMAND TITLE 


PCWjffl AM P 12 n EBJ fCoM'd) 


Power Amplifier* 3 4 4 OFF. 


SWITCH DRIVER* 


Low Lower to Fwd Omni or 
Horn Aoteara/Hlgh Power to 
Aft OnaaJ B«Uet. 


COM MA ND UE9CR IPTICW ASD 
SUBSYSTEM DfTERNAL HEJTPONSE 


TV 

MNEMONIC 


TV TITLE AND /Oft XEMAftXJ 


Actuatee eotld mu ewttchee within PA 3 AiHf LA 4 I 
t hat PA3 and PA4 arc turned OFF. 


RAMP3T / According to which of PAJ or PA4 w 

RAMP4T PA 4 tgagwggc (Were—— 4 eattie 

PBCSLX t S/C lotda current decraiete by MU 

PI Jtj T1 Boa voltage U miter curree* likmkj In 

I baddec reared 


» p m il o na i j Oft, PAS teaap* 
at the tgtt of gg° - M°T. 


I by Che RM Wit aa PBUftU J 


Actuatee con* ewttcb 2SW019 so that output of the 3 dfi 
hybrid la r rmncrtcrl to the aft orani antenna and the 
output of eft her PA1 or PA2 la oonoected to the input 
of oomx trttob \8W0t2. 


Aft fmud/ Forward or Horn Aa 
*" Aft to HI). 


i to Hl/LO Power 3 


High Poorer to Fwd Omaf or 
Horn Axteroa/ Low Power to 
Aft Canal Select. 


A ct eat ea coax awttch 29W01 » eo that the output of the 
1 dB hybrid la r onriartart to tha Input of coax switch 
IfWtflS and the output of atthvr PA1 or PAJ la coo- 

acetad to tha aft otaal ant a ana . 


Aft Omni t Fed Onto! or Horn Aa 
0 f- Aft to LO>. 


M«Uum Gala Horn An 


Actuate* meat mounted cw awttch 1 SW0T2 eo that 
the medium gate h on antenna la connected to one out- 
put of coax witch 2SW01*. The forward omn) la not 
unable. 


Fwd Om at /Horn Switch Poeftloa • Bilevel Logic "ft (* Bern). 


Forward Omad j 


Actuate# meat mounted coax ewUcb 2 5W0J 2 no that 
the Fwd Omni Antenna la connect od to one output of 
coax rwltch 2#W0)I. The Horn Antenna la not ueable. 


Converse of above, 1. e. , Logic T" <“ Fwd Omni/. 


Amplifier 3 Select. 


Actuate a coax rwltch JSW022 eo that Amplifier 3 la 
connected to one of the Inpula of the 3 dfi hybrid. 


Amplifier 3/4 rwltch position * Bilevel I 
muet be In thla poettlon before ■ tailing c 
_ PA3 J 


•T’^Amp 3) Switch 3SW022 

and AM PM/ A If PC* fterm 


Amplifier 4 Select. 


Actuates coax rwttch 3SW022 so that Amplifier 4 la 
connected to one of the InpcXe of the 3 d ft hybrid. 


NaU ft. If the 


eemotrmtmt ot never rwttcMng HOT* (Refer to Section 3. 7. 3.4) la honored, the following TM 
r oaf raft of never witching ‘HOT** (Refer to Section 3. 7.3.4* La honored, the following TM 


RAMP3S Amplifier 3 4 Settch Poeltioe - Bilevel logic ’07 Amp 4) twitch MWfSS 

j muet be in this position before sending eawd AM P44/AMPD# game 

» PA4^0fQ. 

will not be monitorable when the command la excelled (No downUnfc preaaat). 

will be monitorable when the command la executed only if the downline ta via the Aft Oatai. 


0 

V 


egsa anas i -6*30 
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I JUI'Jt r 

COMMA HD ' COMMA HD TITLE 


COMMAND DESCRIPTION AND 
8LB0YSTEM INTERNAL RESPONSE 


; tm 

1 MNEMONIC 


SWITCH DRIVERS (Co 


. EXC21 
! EXCBl 


| LX CM 
I EXCB9 


Amplifier 1 l o L am Power 
Amplifier * to Higfc Power 
Select. 


Actuate* com ewftch 3HW019 eo that PA2 La connected 
to one of the laptAs of the 3 dB hybrid and PA1 La 
contacted to Switch 2SW01 9. 


Amplifier 1 to High Power/ 
Amplifier 2 to Low Power 
Select. 

Lariter l Select. 


A -tuate* coea ewttch J8W019 eo that the PA1 la 
c yimacted to one of the input* of the 3 dB hybrid and 
PA2 ia connected to awltoh 28W019. 

Actuate# coaa awftch 2SW022 ao that the aacUer outpi* 
tract i tranepoader number 1 la connected to the 6 dB 
power divider that drives the ampllflera. 


Exciter 2 Select. 


Actuate# coaa ewttch 2SW&22 eo that the aactter output J__ 
from tranepoader number 2 ia connected to the 6 dB 
power divider that drives the amplifiers. 


Eartter 1 ON/2 OF F . 


Earlier 2 ON/! OFF. 


Actuate* magnetic latchtnc relay switches inalde trana - 1 RXCT1S 
ponders eo that Eactter 1 turns ON aad Earner 2 turn* , RXCT ^ 


Converse of above. 


Eactter* 1 '2 OFF. 


1 Aetimte# magnetic latching relay ewttchee Inside trmne- 
[ ponders eo that both exciters are turned OFF. 


TM rn LE AND/OR REMARKS 


Amplifier 2 7 1 to m/LO Power ! 


Bilevel logic (• PAl to HI). 


Amplifier 2/1 to HI/LO Power SUtua. Bilevel Logie ”1" f- 1 


Eactter i/2 Swttoh Poe It ion - Bilevel logic ”1” (Ear. 1) ( 
•ccompaated by command /OLClt/EXCAt that tana on I 
off Earlter 2 normal operation. 


Eactter 1/2 ewttch position » Bilevel logic "V f Ek 2) ( 
aoootnpaaied by c otw insert EXC**/ EXCB* (hat turns on E 
off Exciter 1 for normal oparaticn. 


Sea Note »*, 

Eactter 1 ON /OFF * Bilevel lode T" (Exc, I ON ), 

Exciter 2 OK/OFF - Bilevel logic ”**' f-Exc. 2 OFF), if tn 
auxiliary oscillator mod*, downiiak fr agaea cy will shift If I 
previously OH. 


Converse of above. (Interchange ”1” aad ’*2" la < 


Eactter 1 Ott/OFF - Bilevel logic JT f EXC 1 OFF). 

Eactter 2 ON /OFF - Bilevel logic '*F' (* EXC 2 OFF), 
when this command ia received. 


Sou #4. if the constraint of never switching -HOT' (refer to Section 3.7.3.4> is honored, the following TM will be morttomW- when the command is execi 
PA4 is ON - described in Section 3.7.2.*) la In use. 

Not# #5. The following TM will not be monitorable when the command is executed, as the downliiA has to be re- established. 
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COMMAND DESCRIPTION AND 
STBSYSTF.M INTERNAL RESPONSE 


Actuate* logic inside transponder that la ON that prevents solid 
state switch from selecting the VCO aa the exciter frequency 
source when the receiver la locked to uplink signal. Auxiliary 
oscillator la frequency source. 


Allows solid state switch Inside transponder that la ON to select 
Vro as exciter* frequency source, when the receiver Is locked 
to an uptick signal. Downlink frequency will be 240/221 times 
uplink frequency. 


TM [ ” 
kiSF.HOSlC » 


TM TITLE AND/OR REMARKS 


For whichever exciter Is ON, the cor respo n ding followtsg telemetry 
Indicates bilevel logic 1 (- Inhibit! ; the other parameter Indicates 
bilevel logic 0 (unpowered). 


Exciter 1 Inhibit/Restore ogheregt mode. 


Exciter 2 lohlbtt/Restore coherent mode. 


-I 


The downlink frequency will correspond to auxiliary oscillator fre- 
quency of the exciter that la ON. Commands may still be received * 
processed. 


RCOHIS 1 Exciter 1 Inhibit /Restore ooherent mode -Or Rsstorsl 


RCQH2S Exciter 2 [nhlblt/Restore coherent mode » 0 (« Restore) 


Downlink frequency will be 240/221 times the up! fait frequency i 

_ 


MIL11 

M1LA1 


vcot» 

VCOAt 


VCOlf 

VCOA# 


I 

| 

; vm2i 

! MIHB1 


MII.21 

MfLBl 


Boa Low Mod Index 
Select. 


~r 


Actuates solid state switch Inside transponder that la ON to 
cause 1. 19 radians mod Index to be selected for exciters for 
__ spacecraft TM subcarrier. 


No TLM. DownlLtk carrier sopptesslon will Increase by appnxi- 
matelv «. 4 dB ever low mod Index only spends*. 


Exciter Transfer to VCO 
ON /Test only-wired out*. 


Actuates solid state switch Inside transponder that Is ON to 
cause 0.65 radians mod Index to be selected tor exciters for 
_ spacecraft TM subcarrier. „ _ 

Actuates solid state switch Inside tranapooder that la ON that 
causes exciter frequency acerce to be VCO, when the receive^ 
la not locked to uplink signal. 


No TLM. Down) lik carrier suppress lew win decrease by approx*- j 
matrly 6. 4 dB relative to HI Mod Index only operatic- or decree** by j 
_ approxlm ately 2._0^B^vej r rte only ope ratios, j 

For whichever exciter la ON, the corresponding following telemetry j 
indicates bilevel logic 1 ( m ON); the other parameter indicates logic © j 
(■ l npowered), __ } 


Exciter 1 Transfer to VCO ON/OFF 


j RVCQ2S | Exciter 2 Transfer to VCO ON/O FF 


Exciter Transfer to VCO i 
OFF (Test only-wired out), j 


Actuates solid stale switch In aide transponder that Is ON that 
causes exciter frequency source to revert to auxiliary oscil- 
lator whether receiver la or la not lockrd to uplink aignal. 


Probes High Mod Index 
Select 




Actuates solid state switch Inside transponder that 1. ON to 
cause: 

(a l 1.17 radians mod Index to be selected for Probes* TM 
suEcsrrler. 

rt» 0. * 5 radians mod Index to be selected for Bua TM sub- 
carrier. 


Probes lew Mod Index 
Select 


Actuates solid ntate switch Inside tranapooder that I* ON to 
cause: 

(a) 1.025 Radians mod index to be selected for Probes' TM 
subcarrler. 

rt>) 0.45 Radians mod Index to be selected for Bus TM sub- 
carrier, __ 


Downlink frequency will shift from auxiliary oscillator frequency to 
JLU!T£1 tbe_recej wrjbest tojfc fr cpacn cy, 

Exciter 1 Transfer to VCO ON/OFF • 0 (- OFF), 


Exciter 2 Transfer to VCO ON/OFF « 0 f OFF). 


of toe excl ter Jbntl s ON. _| 

No TLM. DownlWc carrier suppression will increase by S. 2 dB over j 
Bua Subcarrier fLow Mod Index) only operation. J 


No TLM. Downlink carrier suppression will Increase by 5. 7 dB over J 
Bus subcarrler /Ixxw Mod Index) only operation. J 
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Figure 3.7. 2. 1-1. Transponder Functional Block Diagram 
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3.7-4»2 





J 1 to J3 INSERTION J1 TO J2 INf ERTION LOSS, dS 

LOSS, dS 






Section no* 3.7. a 

Doc. no. 

orig. Issue Dste S/22778 
Revision No. _ . . 

Bevision 


S SWITCH 


C SWITCH 


Position 1 



Position 2 


Position 1 




Position 2 
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3.8 POBKR SOBSTSTBN 

3-8.1 Egm-SHfrgygm EtreflPUgP. The Bus power 

subsystem provides seai-regolated power at 28 
volts ± 10% to all Bus loads, probe heaters and 
probe checkout buses. Prior to each probe's 
release, power is transferred froa the probe 
checkout bus to the probe internal battery. The 
probe batteries provide power to their respective 
loads at 28 volts ±10% during atsosphere entry 
and descent, although at probe release, with a 
relatively high battery teaperature and ainiaua 
electrical loads, the Larg Probe bus voltage can 
be as high as 32.0 voles and the Saall Probe 
buses can be as high as 33.7 volts. The 
individual users condition this power, where 
necessary, by additional regulation, power 
switching, and dc/dc converters that deve’ o the 
specific voltages reguired by that user. 

3. 3. 1.1 Functional Description . Figure 3.8. 1.1-1 

Appendix C) shows a functional block diigraa uf 
the power subsystea. Power is provided to all 
loads on 4 different power buses: 

(a)> The essential bus - which cannot be 
coaaanded OFF, 

»|b) The science bus - for Bus science and 
probes checkout. 

(c) The switched loads bus, and 

(d) The RF transaitter bus. 

The priaary power source is the solar panel. The 
Bus panel has a total of 13,060 solar cells 
connected in a series parallel rrrangeaent that 
optiaizes power output nd ainlaizes stray 
aagnetic fields, ripple, and shadowing effects of 
the thrusters and star sensor sun shield. 

During aost aission phases there will be a 
surplus of solar panel power available to Beet 
the load requirements. A power surplus always 
forces the solar panel voltage upward above the 
noainal 28 volt value. To prevent excessive 
power bus voltages, the voltage liaiters sense 
the bus roltage and shunt off surplus solar panel 
power to load resistors Mounted on the rear 
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sections of the solar array substrate and the 
equipment shelves. The bas Halters aaintain the 
bus voltages below 30.0 volts at all tines. 

Rhea the solar panel cannot provide adequate 
power for all spacecraft loads at low sun angles 
and during launch, tne two nickel cadaioa 
batteries cone on line autoaatically through the 
discharge regulators. The regulators notaally 
aaintain the bus voltage above 27.5 volts at all 
tines. attery energy is subsequently 
replenished through snail charge arrays that 
boost the nain array voltage to a voltage level 
that results in recharging of the batteries. 

If a spacecraft overcurrent or undervoltage on 
either battery occurs, loads are renoved by the 
undevvoltage/overload (DR/OL) switch to protect 
the spacecraft fron potential catastrophic 
failure. Those loaas, however, that are deened 
vital to the spacecraft survival are hardwired to 
the essential bus and cannot be switched off. 
These include all connand subsystem units, 
propulsion heaters, and r.f. subsystem switch 
drivers . 


If a fault occurs that raises the total 
spacecraft load current above 16.5 ±0.75 amperes, 
the other 3 power buses (science, switched load, 
RF transmitter buses) will sequentially trip off. 
If the spacecraft loads decrease below 16.25 
amperes, the tripping sequence is terminated. If 
a fault occurs that lowers the battery voltage to 
27.55 ±0.15 volts, all three buses will be 
switched off. When the battery voltage recovers 
to 28.3 volts, a UY/OL reset relay command can he 
sent to power up all three non-essential buses 
again. 

The OY/QL switch has an override aode that 
inhibits load removal. This feature can be used 
if the trip circuitry fails or if it becomes 
necessary to operate selected spacecraft loads 
even under fault conditions. 
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Excitatio.. for the pyro bus is derived fro* a 
battery tap located 16 cells (of a total of 24) 
from the ground reference level. This tap is 
also used to provide large fault clearing 
currents to the power bus in the event of a heavy 
fault current that saturates tue discharge 
controllers. 

A total of eight current sensors are used to 
■onitor power subsystem performance . Each sensor 
consists of a 50 millivolt resistive shunt and a 
hybrid differential amplifier with a gain of 
102.4 that develops a 5-12 voJ t output signal at 
full scale. Four of these sensors are integrated 
into the charge/discharge controllers - they 
aeasure battery charge and discharge currents. 

The spacecraft loads current sensor is integrated 
into the DV/OL switch because it not only 
provides a telenet ry signal but also an 
overcurrent trip signal to the UV/OJ. turnoff 
sequence generator. The other 3 current sensors 
shown in Pigure 3- 8- 1-1*1 are packaged as 
individual units. 

The charge controller provides a high rate charge 
by connecting the boost charge string directly to 
its associated battery and a low-rate charge by 
inserting a 47 ohu resistor between the charge 
string and the battery. Each battery pack has a 
theraal switch that closes at 95 ±5°F and 
automatically turns off battery charging. After 
the battery temperature drops and the theraal 
switch opens again , battery charging is resuaed 
automatically - 

Near Earth low solar heat input conditions or a 
DV/OL trip can reduce the equipaent shelf 
teaperature to dangerously low levels. For this 
reason two of the five bus limiters are connected 
to heater resistors mounted on the back side of 
the equipaent shelves. To guarantee that the 
first 130 watts of excess solar panel power is 
shunted into these shelves the operating set 
voltage of each of these two liaiters (#2 and #5) 
is lowered by closure of theraal switches when 
the shelf teaperature drops to 35 ±5®F or the RF 
shelf drops to 60 *5®F- 
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The power interface onit (PIU) provides power 
switching for the probe checkout buses, probe and 
propulsion heaters, and excitation of probe 
internal/external power switching relays. Poses 
for the heaters and science instruaents are also 
located in the PIC . 

3 .8.1.2 Saul pee at Suaiaiv and locations. The coaplete 
Bultiprobe power subsystem consists of the 
following units: 

• Solar panel (with six 26.0 oh* load resistor 
circuits bonded to rear of substrate) 

• Four 12 -cell battery packs (2 per battery) 

• Two charge/discharge controllers 

• Three 29.5 volt (-1) bus liaiters 

• Two 30.0 volt (-2) bus liaiters 

• one undervoltage/overload switch 

• one power interface unit 

• Three current sensors, three types: 0-1.5, 
0-12, 0-18 aaperes (Five additional current 
sensors are integrated into the 
charge/discharge controllers and the OV/OL 
switch) . 

• Pour shelf theraal switches 

• Pour 26.0 oha equipment chelf load resistor 
circuits. 

The locations of the shelf soonted units are 
shown in Figure 3. 8. 1.2-1. 

3.8.2 Onits Desc r iptions . Described below are the 
individual power subsystem units. 

3. 8. 2.1 Solar Panel . The Bus solar panel is designed to 
supply the power reguirewents of the loads under 
varying conditions of solar intensity, 
toaperature and sun angle, A total of 13,060 two 
x two ca solar cells are ueed on the Multiprobe 
panel. A thin 8 ail, 20 oh* -ca lightweight cell 
was selected to ainiaize panel weight. Each cell 
has a 6 ail aicrosheet coverglass to ainiaize 
radiation degradation. 
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The Basic layout of the Bus solar panel uses a 
total of sixty 3 x 70 cell groups interconnected, 
three cells in a parallel wet, 70 such sets in 
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series. The cell groups are positioned at the 
bottoa of the substrate to sinisixe shadowing at 
low son angles by the radial thrusters and the 
star sensor sun shield. 

The Bus has ten individual "1 x 23" battery 
charge strings for each battery (boost charge 
array) . They are all connected in parallel and 
spaced approxisately 36 degrees apart on the 
cylindrical substrate. This snail nuaber of 
solar cells (230 per battery) easily provides the 
required charge current. 

The Bus panel is designed to survive a sassiva 
solar flare. Solar panel degradation 
computations have been Bade assusing that this 
flare can occur at any tine. At any point in the 
nission the equivalent fluence of this solar 
proton event is scaled according to the inverse 
of the square of the distance fron the sun. If 
this solar flare occurs when the Bus is near 
Venus, a permanent loss of approxisately 131 will 
result. (See Figure 3. 8. 3. 3-1). 

The two Bus science instrusents require that all 
exposed solar cell tersinals and wiring be 
covered with a non -conductive naterial to 
•iniwize plasna charging of the spacecraft 
structure. To meet this requirement, the void 
aret\ between and surrounding each solar cell is 
filled with BTV 566 adhesive. This encapsulation 
or grouting process results in a snail loss in 
solar panel power due to blockage light to the 

solar cell active area and is acc '-dated in the 

solar panel performance nredictio. 

Panel tenperature is telemetered by PP&H2T (Solar 
Panel Tenperature 2) located at 8*259®, 
approximately 25 inches from the top of the 
panel; and PPARlT (Solar Panel Tenperature 1) 
located at 6*259®, approximately 9 inches fron 
the bottom of the panel. 

3. 8. 2. 2 nickel Cadmium Batteries . Bach battery consists 

of two 12-cell packs. A pack assembly sketch, 
which illustrates the method of construction, is 
shown in Figure 3. 8. 2. 2-1. Bach pack contains 12 
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individually insulated 7.5 AH nickel cadmium 
cells, 11 extruded thermal shunts and two end 
plates, all held together by two tension bars 
t or q ued to coapressively load the cells. 

The batteries sill be fully charged prior to 
launch at a C/10 (0.75 ampere) rate through the 
umbilical connector froa the blockhouse. The 
batteries can be charged independently with the 
battery enable plugs renoved and the spacecraft 
completely powered down. Charging can also 
continue through the umbilical after the plugs 
are installed, if desired, until liftoff. 

The batteries are charged during the mission with 
a small boost charge solar array. In order to 
fully charge the batteries, their voltage must be 
raised above the nominal 28 volt bus voltage. At 
a C/10 (0.75 amperes) rate each cell voltage must 
rise to approximately 1.45 volts/cell or 24 x 
1.45 * 34.8 volts for the complete battery. At 
C/50 (0.150 amperes) each cell voltage must rise 
to approximately 1.413 volts/cell or 24 x 1.416 * 
33.9 volts for the complete battery. This 
voltage boost is obtained by means of a small 
array that boosts up the main array voltage to 
the desired value. 

Each of the four packs has a temperature sensor 
located near the middle of the pack. Each pack 
also has a thermal switch that turns off battery 
charging if its temperature reaches 95 ±5*P. 

Maximum battery depth of discharge (DOD) will 
occur during Small Probe release when the sun 
angle is relatively low (17 to 26 degrees, 
depending on launch and probe entry dates) . 

Figure 3.8 .2.2-2 describes battery performance as 
a function of energy (A-H) renoved at 75*P; 4.5 
AH represents a DOD of 60ft of rated capacity, 
for a battery load of C/2 or 3.75 amperes, the 
battery voltage stays above 29.5 volts or 1.23 
volts per coll at the 60ft DOD level. At this 
relatively high battery voltage the discharge 
controllers will stay in regulation at output 
voltages exceeding 27.4 volts. This data 
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indicates that with a relatively high discharge 
rate the batteries will provide sufficient 
voltage to aaintain the regulator output above 
27.4 volts, even at 80* DOD. 

The data shown in Pigure 3. 6.2. 2-2 is for a new 
battery. Mission simulation data indicates that 
there will be a small amount of voltage fade due 
to time aging. However, the maximum battery 
current during Small Probe release will not 
exceed C/5 or 1-5 amperes. Therefore, the 
discharge characteristics shown in Pigure 
3. 8. 2. 2-2 are very close to those that will be 
obtained during Small Probe release. 

The nickel cadmium batteries must provide high 
peak currents (up to 30 amperes) for 3 5 
milliseconds to actuate pyrotechnic devices- The 
6NHS pyrotechnics will be actuated wnen the 
batteries are fully charged. The Large and Small 
Probes* pyrotechnic devices will be actuated with 
the battery DOD between 0 and 50%, depending 
primarily on the sun angle at the probe release 
attitude. 

3 .8.2. 3 gu s_ V o ljafl f-URl te t . £ 1 S£ USM, l£S. Voltage 

limiters are used to dissipate excess panel 
capacity in load resistors in order to maintain 
the bus voltage below 30.0 volts. The limiters 
are divided into two groups with different set 
points to prevent simultaneous operation of all 
limiters at their maximum internal power levels. 
The low set point limiters (-1) begin to conduct 
after the bus reaches 29.5 volts and achieve full 
conduction or saturation before the bus voltage 
becomes 29 .6 volts. Hhen the bus reaches 30.0 
volts the upper set point limiters (-2) start to 
operate in a similar manner. Hhen the bus 
voltage reaches 30.1 volts all of the bus 
limiters are in full conduction. 

A simplified block diagram of a bus limiter is 
shown in Pigure 3. 8. 1.1-1. Bach ot the five bus 
limiters can be enabled or disabled by command. 
Bach limiter has controlling circuitry that 
senses the bus voltage and applies drive current 
to tvo power transistors which shunt current 
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through load resistors to ground. The two power 
transistors turn on sequentially, as the bos 
voltage rises, in order to siniaize the sazisua 
tberaal dissipation in each lisiter. The offset 
diode forces 02 (and the B shelf heaters) to go 
into full conduction before 01 (and the A shelf 
heaters) starts to conduct. The dissipation ia 
each power transistor is very low after 
saturation is reached because the saturation 
voltage drop is less than 0.15 volts. 

The upper set point liwiters have two additional 
terminals. Their noamal 30.0 volt set points 
can be lowered to either 28-5 (limiter 5) or 29.0 
(^iaiter 2) volts by the closing of shelf 
thermostatic switches. 

Three limiters (1, 3, 4) start to conduct at 29.5 
volts and dissipate surplus panel capacity in the 
solar panel substrate. Two voltage limiters (2, 

5) start to conduct when the bus voltage reaches 
30.0 volts and dissipate surplus panel capacity 
in snelf heaters. tfhen the shelf is warm, 
limiters 2 and 5 are inactive and all surplus 
solar panel power is dissipated in the solar 
panel substrate load resistors. 

Limiter 5 is connected to thermostatic switches 
located near 8 = 350°. Transistor Q2 is 
connected to battery shelf heaters and trausistor 
Q 1 is connected to BF shelf heaters. As 
explained above, 02 goes into full conduction 
before 01 starts to conduct. The thermostatic 
switches will come o;i when their temperature 
reaches 35 i5°P and lower the voltage limiter set 
point to 28.5 volts. This is lower than all the 
other limiters and forces the first ex cess 33 
watts of solar panel power to be dissipated in 
the battery shelf heaters. The next 33 watts 
will be dissipated in the HP shelf heaters. The 
switches open when the shelf temperature reaches 
55 ±5«P. 

Limiter 2 is connected to thermostatic switches 
located near power amplifiers 3 and 4 at 0 * 

210°. These switches come on when their 
temperature drops to b0 ±5°F and lower the set 
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point of liaiter 2 to 29.0 volts. If the battery 
sbelf theraostatic switches are not closed, 66 
watts of excess panel capacity will now be 
dissipated by lieiter 2 and its associated load 
heaters. Once again, the first 33 watts is 
dissipated in the battery shelf . This guarantees 
adequate heat for the batteries even if bus 
liaiter 5 fails. The theraostatic switches are 
set to operate at a relatively high teaperature 
of 60 to # r j . n order that they tract the battery 
shelf teaperature in case liaiter 5 fails. The 
BF shelf .aeraos ta tic switches open when the 
shelf teaperature reaches 70 ±5«F. If both sets 
of theraostatic switches are closed 
simultaneously , the first 66 watts of excess 
solar panel capacity is dissipated by liaiter 5. 

3. 8. 2. 4 Bus Liaiter Load Resistors . The five bus 

liaiters each reguire 26 oha load resistors for a 
total of 10 load circuits. Six of these are 
bonded to the rear of the solar array substrate 
and the other four are bonded to the bottoa of 
the equipaent shelves. 

Bach solar array circuit consists of five 
parallel 130 oha sections and each 130 oha 
section, in turn, corsists of two 65 oha 
resistors in series. Each of these ten 6 5 oha 
sections are approxiaately 1.80 inches high and 
26.5 inches vide and cover a coaplete 1.8 inch 
bund around the entire inside peri* 'ter of the 
substrate. The wire is non-aagnetic and twisted 
to provide aagnetic field cancellation. 

Bach shelf load circuit consists of four 6.5 oha 
sections connected in series. Bach load resistor 
section is 8.8 x 2.3 inches in size. 

3-8-2. 5 Charge, Discharge C ontrollers . Figure 3.8. 1.1-1 
shows a block diagraa of the charge/discharge 
controller associated with each battery. The 
charge controller section connects a boost charge 
array in series with the battery through 
switching relays K1 and K2. High charge rate is 
selected by coaaanding both relays to their upper 
positions (BAT19 or BATA9; and BA T 13 or BATA3 for 
battery 1. For battery 2: BAT29 or BATB9; and 
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BAT23 or BATB3) , which results in a direct 
connection between the charge array and the 
battery. Low charge rate is selected by 
commanding both relays to their lower positions 
(BIT 1? or BATA?; and BAT14 or BATA4 for battery 
1. Por battery 2: BAT2? or BATB?; and BAT24 or 
BATB4) . This places a 47 oha resistor between 
the battery and charge array and forces the 
operating point of the latter below the Anee 
(constant voltage portion) of its voltage-current 
characteristics. Battery charging is turned off 
whenever the two relays are in opposite 
positions . 

The charge rate of one battery is selectable by 
ground conwand independent of the charge rate 
selected for the other battery. An 
overteaperature trip circuit is included to turn 
off battery charging if the teaperature of either 
of its associated battery pacAs reaches 95 ±5®F. 
The battery theraal switches are connected in 
parallel and closure of either switch results in 
a trip command pulse to the K1 relay driver. If 
relay K2 is in the high charqe rate or upper 
position , relay K1 will be transferred to the 
lower position. If relay K2 is in the low-charge 
rate or lower position, an overteaperature trip 
signal will drive relay K1 r .to the upper 
position. In both cases charging will turn off. 
When the battery pact teaperature decreases by 
approximately 10®E, the theraostatic switches 
will open again, an onboard automatic reset 
command pulse will return relay K1 to its 
previous position, and charging will be resuied. 
Charging can also be restored after a trip by 
qround command to relay K1. 

When the essential bus voltage is maintained 
above 28 volt r . the ..xscharge controllers are in 
a staud-by node. When the solar panel cannot 
provide sufficient current to power the 
spacecraft loads by itself, the bus voltage will 
decrease. Either the primary or redundant 
discharge controller (whichever had been selected 
by ground command) comes on line automatically at 
27.80 10.QB5 volts. The 0.1 oha resistors in 
series with each regulator force load current 
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snaring between the two batteries. These 
resistors cause the bus voltage to decrease as a 
function of load current although the regulator 
output voltage is aaintained at 27.80 ±0.065 
volts by the regulator feedback loop. 

The aaxisua load will be 3 aaperes per regulator 
during launch, resulting in an output voltage 
downstreaa of the 0.1 oha resistor of 27.80 - 
0.30 = 27.50 volts, it this load current, the 
ainisus required drop across the regulator is 
approxiaately 0.6 volts. The output voltage will 
continue to be regulated as long as the battery 
voltage reaains above 27.50 « 0.6 * 28.1 volts or 
1.171 volts per cell. If the batteries discharge 
beyond this point the regulator will saturate and 
the output voltage will decrease in accordance 
with the decrease in battery voltage. When the 
battery voltage reaches the 07 /OL trip point of 
27.55 volts or 1.148 volts/cell the regulator 
output voltage will drop to 27.55 - 0.60 * 26.95 
volts. 

If the priaary discharge regulator of either 
controller fails, the redundant regulator 
associated with that controller can be switched 
in to replace it. Should a battery fail 
coapletely, the reaaining battery and it3 
controller can support the entire load 
reguireaent within the aapere-hour energy 
liaitations of the one reaaining battery. Each 
discharge regulator is capable of providing a 
aaxiaua of 11 aaperes continuously. In the 
exaaple cited above, a single regulator would 
regulate at 27.80 - 0.6 * 27.2 volts at 6 aaperes 
until the battery reached 27.2 plus 1.2 volts 
regulator drop for a total of 28.4 volts (1.183 
volts/cell) . 

Two current sensors are incorporated into each 
controller to aeasure battery charge and 
discharge current (PCHG11 and PDIS11 respectively 
for battery 1; PCHG2I and PDIS2I respectively for 
battery 2) . 

3. 8. 2. 6 Power Interface Onit . The Power Interface Unit 

(PID) provides centralized switching and fuse 
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protection for the propulsion heaters, probes 
heaters, and science instruments. It also turns 
on and off a coaeon probe checkout Bus and 
provides relay drive power to probe relays to 
transfer to internal power prior to probe 
release . 

Magnetic latching relays are used where load 
switching is required. Each latching relay is 
driven by its own hybrid relay driver circuit. 

In those cases where flight critical functions 
are controlled, redundant relays are connected 
together to ensure reliable switching. The 
status of all relays is aonitored with bilevel 
telemetry signals. 

All fuses are connected in a parallel redundant 
configuration. The series resistor in the 
redundant leg is sized large enough to force 
approximately 901 of the current through the 
primary fuse, yet small enough to ensure a 
minimum bus voltage of 25.2 volts to the loads, 
if the primary fuse fails. 

All bus and Probe heaters are on the essential 
bus and are fused in the PIO. The four small 
radial get and tank heaters are on continuously; 
they cannot be commanded OFF. The tank heaters 
are redundant. A latching relay selects either 
the primary or secondary tank heater group by 
ground command (HTT19 or HTTA9 ; HTT29 or HTTB9) - 
Bo single point failure will prevent one of the 
two heater groups from being turned ON. 

The probe checkout relay applies Bus checkout 
power to all four probes simultaneously. 

However, only one probe should be turned on at 
any one time, since the modulation scheme for 
each probe's telemetry bit stream has been 
designed for only one-probe-at-a-time operation. 
Probe checkout power is connected to the science 
bus output of the UV/OL and a short circuit in a 
probe during checkout will trip the science bus 
only. Although probe checkout is obtained from 
the science bus, the science current sensor 
(PSC1C1) reads only bus instrument cmrrent. 
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3 .8 .2.7 PDdervoltaqe/uverl oaa Switch . The Undervoltage/ 
Overload switch unit (Of/OL) provides power to 
the four spacecraft load buses. A 0-18 aspere, 

50 sv resistive shunt is externally mounted on 
the OV/OL unit. It seasures the load current 
(PBUS11 - Spacecraft Loads Current) provided to 
all four power buses. Three of these buses pass 
through sagnetic latching relay contacts which 
are tripped open if the spacecraft load current 
is excessively high or if either battery terminal 
is too low. 

The essential bus loads cannot be switched off 
because they are vital to the survival of the 
spacecraft. The other loads can be tripped off 
if either battery terminal voltage drops to 27.55 
±0.15 volts or the spacecraft load current 
exceeds 16.5 ±0.75 amperes. 

A trip signal is generated to turn off science 
loads 75 Billiseconds after a fault condition 
occurs (refer to Table 3. 8. 2. 7-1). if removal of 
the science loads reduces spacecraft loads to a 
value less than 16.5 amperes within 50 
milliseconds, the ti'ipping sequence is inhibited. 
If spacecraft loads are still above 16.5 amperes, 
another trip signal is generated 125 milliseconds 
after the fault occurs. This will trip off the 
switched loads bus also. If the current still 
does not recover after trip of the switched loads 
bus, the RF transmitter bus is also tripped off 
by a signal generated 175 milliseconds after the 
farlt occurs. 

The same trip signals described above are also 
generated when the voltage of either battery 
decreases to 27.55 ±0.15 volts. When the battery 
voltage rises above 26.3 volts after c . 
undervoltage trip, as a result of a transition 
from battery di 'charge status to battery charge 
status, the tripping sequence is inhibited, 
however, it normally requires several seconds to 
recover to this voltage. Since the three trip 
signals are generated within 100 milliseconds of 
each other, a battery undervoltage trip will 
always switch off all three non-essential power 
buses. After the battery voltage rises v .o 28.3 
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volts, a "0¥/0L relay reset" ground coma and 
(PSP 11 or PS PA 1) will reset all three bases. 

The three relays, Kl, K2 and R3 which provide the 
bus protection described above, are all reset by 
the "Uf/oL relay reset* command. Relay F 4 
provides an override capability that can be 
utilized, at the discretion of ground control, to 
bypass the trip function and remove the 
protection feature (PSPip or PSPAp) . 

Once the "Of/OL relay reset* command is sent, 
only the science bus can powered down again by 
ground command (IN Sip or INSAp) unless an 
overcurrent or undervoltage condition occurs. 

It is possible to power up temporarily after a 
trip, in order to make a quick spacecraft 
telemetry assessment, and then power down again 
in the following manner. Pirst, the override 
(not protected) feature via relay K4 must be 
enabled (PSP Ip or PSPAp). Then spacecraft loads 
are turned on, a few major frames of TW data are 
recorded, and then K4 is disabled again (PSP19 or 
PSPA9) . The override feature is also used if a 
failure occurs in the trip circuitry (trips when 
it snould not) , or it any one of the two 
batteries fails. 

A capacitor precharge circuit is incorporated 
xnto the OV/OL switch. The purpose of thxs 
circuit is to limit the magnitude of current 
inrush to the input capacitors of all the loads 
on the large probe checkout and switched loads 
buses through two ohm series resistors. This 
prevents large switching voltage transients when 
these buses are connected to the essential bus 
through relays Kl and K2. 

A relatively large 390-ohm resistor is in series 
with t .e switched loads bus to limit inrush 
current to less than 0.1 ampere when this bus is 
powered up. However, a small 3-ohm resistor is 
used in the science precharge bus. The reason 
for such a small value is due to nature of the 
probe power loads. Pigure 3. 8. 2.7-1 shows how 
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the Bus power is applied to the large probe for 
cbeckoot. 

In order to precharge the probe science 
instruaent input filters, it is necesstry to 
first turn on the CDO and a nnnber of other saall 
loads ;approxiaately 300 cilliaaperes *re 
required) through the precharg* switch, isolation 
diode, and 3-oha isolation resistor. In order to 
insure a ainiaua voltage of 25.2 volts in the 
probes at all tines, the isolation resistance 
aust be kept low. After the CDO is turned on, 
the probe science relays are cotaanded on; this 
applies bus voltage to the input power terninals 
of all nf the probe instruaents and preebarges 
their respective input capacitors. The science 
bus is then turned on with a DV/Dl relays reset 
coaaana, the prech&ige circuit is turned off, and 
probe checkout is initiated. 

Two reverse connected diodes are wived across 
each of the three switchable buses. They prevent 
potentially dangerous negative bus voltages which 
could be generated by turning off load? with 
large inductive eleeents in their inoct filters. 

E qa iflggrAHS- Ia£tiaagBt«lU9fi - The power subsystem 
teleeetry signals are explained in detail in 
Appendix A. 

The temperature sensors on tie solar panel art 
precision wide range platinua resistors. 
Thermistors are used on the battery packs. 

The current sensor uses a dual 50 av current 
shunt and a hybrid differential amplifier with a 
gain of 102.4 to develop a full scale teleaetr; 
■signal of 5.12 volts (0.05 x 102.4 * 5.12). The 
current sensor is connected in series with the 
positive bases. It is powered directly from the 
bus where the measurement is Bade. 

Pour of the current sensors are ouilt into the 
charge/dischavge controllers. One of the current 
sensors is an integral part of the OV/OL unit. 

The other true sensors are packaged as 
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individual units- Further details about these 
teleaetry signals are located in Appendix A. 

3-8.3 Operations Description - This section describes 

how to power manage the Sultiprobe spacecraft. 

It explains bow to configure the power subsystem 
properly by ground coanand and how to assess its 
performance from the available telemetry signals. 

3 -8. 3.1 Power Bus Voltage Operating Ranges - Figure 
3. 8 -3.1-1 describes the power bus operating 
voltage ranges during various mission operating 
modes. The nominal power bus voltage is 28.0 
volts. During those operational phases when the 
sol~r pauel is fully illuminated, the actual bus 
voltage will >e higher than this value. During 
launch and possibly during Large and Small Probe 
release, when the discharge controllers are 
active, the bus voltage will be under 28- 0 voits. 

The solar panel is sized to provide power 
somewhat in excess if that which is required by 
the loads and the pus voltage is driven upward 
until clamped by the bus limiters. Bus limiters 
1, 3, and 4 have set points at 39.5 volts and bus 
imiters 2 and 5 have set poiic 3 at 33.0 volts. 
During most mission phases there is a surplus of 
solar panel power- Bus limiters 1, 3, and 
together are capable of absorbing over 7 amperes 
of excess panel capacity.. The other two limiters 
will not become active unless a large number of 
spacecraft loads are turned off or the shelves 
are cold. 

Voltage limiters 2 and 5 are connected to load 
heater resistors bonded to the- rear of the 
equipment shelves The tneruostatic switch 
associated with voltage limiter 5 will be 
activated near Barth and its set point will be 
lowered to 28.5 volts. The first excess 33 watts 
of panel capacity will be forced into the battery 
shelf heaters ana next 33 watts will ae 
dissipated in the rf shelf heaters. If the 
therncstatic switches associated with voltage 
limiter 2 are activated due to a cold rf shelf, 
its set point will be lowered to 29.0 volts and 
the first incremental excess of 33 watts of panel 
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capacity w ill once again be forced into tbe 
batter; shelf heaters and the next 33 watts will 
be dissipated in if shelf heaters. Bren if one 
of the above two 1 miters fail., the first 33 
watts always goes into the batter; shelves. 

When the solar panel oatpat slowly decreases 
(during probe pre-release maneuvers, for 
instance) , the current provided by the solar 
panel slowly decreases and the power bus voltage 
also decreases- Bhen the bus voltage drops to 
27.80 i 0 .065 volts, the discharge controller 
cones on automatically to help share the load. 

The discharge controller output is regulated very 
close to 27.80 volts even at high loads. There 
are 0.1 ohm resistors connected between each 
regulator output and the power bus to force 
accurate load share between the two regulators. 

Pi nee the highest battery load will be 
approximately 3 amperes per battery (during 
launch) , the lowest bus voltage during eclipse 
will be 27.80 -(0.1) (0.3)*27.50 volts. 

The Hultiprobe battery loads are relatively low 
and the voltage bus lixiters 2 and 5 will 
probably never come on at their higher set 
points. This tends to restrict the power bus 
voltage range to 27.5 -29. b volts. Harness drops 
will reduce this voltage somewhat but the lowest 
voltage at any load will not be lower than 27.3 
rolls. 

3.8.3 .2 Energy balance Hain tenancy . The spacecraft aust 
be powered managed to stay in a suitable energy 
balance situation at all tines. During most of 
the mission, the spacecraft will he in full 
x2 In Bination and the sun line will be nea- 90 
degrees with respect to the spin axis. During 
this time, the spacecraft loads aust not exceed 
the solar panel capability for any appreciable 
period of tine. Tbe batteries can supplement the 
solar panel during short transition periods, but 
a continuous negative energy situation cannot be 
tolerated . 

The spacecraft energy balance condition is best 
assessed with the current sensors, h simplified 
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diagram of the power sources, loads and current 
sensor aeasureaents is shown in Figure 3-8 .3.2-1. 
ill power sources are shown on the left and all 
power loads are on the right. 

The current provided by the wain array for 
spa^ craft load use is aeasured by the solar 
panel current sensor. Battery charge current is 
provided by the wain array, plus the boost charge 
arrays, and is aeasured by the two battery charge 
current sensors. If battery charging is turned 
off or reduced by switching froa high rate to low 
rate, the solar panel current sensor teleaetry 
signal will increase by the sane aaount as the 
decrease in charge current. The solar panel 
current that is utilized by the loads, plus the 
current supplied by the batteries when they ar in 
a discharge state, is aeasured by the spacecraft 
load current sensor. The excess current that is 
not needed is shunted off by the limiters and is 
aeasured in the Uniter current sensor. 

Total Bain Array current is the sun of Igp + Iqji 

• Ich 2 (refer to Figure 3. 8. 3. 2-1) Solar Panel 
Current (Igp) aeasures solar panel current 
supplied to the spacecraft loads. It. measures 
total aain array current only if battery charging 
is commanded off . 

Full illumination conditions can be defined by a 
current equation that shows the power sources on 
the left and the loads on the right: Tgp ♦ 1 , -j 

♦ I CH2 = *srL 4 I 3L ( Batt eri es charging)* 

where 

Igp - solar panel current 

IgCL = spacecraft loads current 

J pl * bus li»iter current 

I rH 1 and I Q[j 2 ~ telemetered battery 1 and 

battery 2 charge currents 

l a ring launch, all spacecraft loads are supported 
by the batteries through the discharge 
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controllers. The battery currents are measured 
by the two battery discharge current sensors. 

The spacecraft load current is again aeasored by 
the spacecraft load current sensor- However, the 
saall shunt current loss in each discharge 
controller is not aeasured directly- Figure 
3-9. 3. 2-2 describes this shunt current loss as a 
function of load current. The bus 1 is iters, of 
course, are not active during eclipse- Bach bus 
liniter draws only 5 ailliaaperes of standby 
current. Since the bus Halter current sensor 
full scale range is 0 to 12 aaperes, or 47 
ailliaaperes per te.Leaetry bit, the teleaetry 
signal will be very saall. The eclipse situation 
can be suaaarized by the current equation: 

I BD1 * X BD2 = I SCL 4 X BL 4 I SH1 4 X SH2 

where 

Ibdi and I BD2 a teleaetered battery 1 and 

battery 2 discharge 
currents 

I S CL * spacecraft load current 

1 bl = bus liniter current 
15 ^ (approximately 25 na) 

Igni and lgpj2 * discharge controller shunt 

ctrrents as deterained froa 
Figure 3. 8. 3. 2 -2 

There will be short tiae periods when the solar 
panel and batteries aust share the load. This 
includes launch, Saall Probe release, and 
possibly Large Probe release. When the 
spacecraft spin axis aoves away fron being noraal 
to the snn line- of -sight, the available solar 
panel current decreases and the bus liniter 
current also decreases by r corresponding aaount 
and then bee owes 5 ailliaaperes/liaiter standby 
current, after the bus voltage drops to 27.80 
volts, the discharge controllers becone active. 
The charge current will then by-pass the 
batteries and flow directly into the discharge 
controllers through the battery discharge urrent 
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sensors. As the solar panel current continues to 
decrease, the batteries vill then start to 
discharge. The current equation for this 
situation is sosevhat sore coaplex than the two 
preceding conditions. Once again, all potter 
sources are on the left and the loads are on the 
right: 

I SP * I TBD1 4 I TBD2 * I SCL 4 J BL * I SH1 4 X SI12 

where 

I sp = solar panel current 

Imn n1 * T ru c battery 1 discharge 
TBD1 current * I BD , - I a „ 

1 T bd2 = True battery 2 discharge 
current = 1 BD ;> ~ 1 ch2 

I scl * spacecraft load current 

l QL = bus lisiter current 
^ (approxiaately 25 aa) 

Igjll and I Si j 2 = discharge controller shunt 

current as deters ined from 
figure 3. 8. 3. 2-2 

It should be noted tnat when loads are being 
shared by the solar panel and batteries, the true 
cattery discharge currents are I BD -j - Iciil an< * 
I BD 2 ~ I CII2 : During launch, of course, the 

charge current sensors read zero and l BD ^ and 
I B d 2 indicate the true battery discharge current 
directl y . 

The discharge controller shunt loss, shown in 
Figure 3. 8. 3. 2-2 represents the shunt current 
required when the battery voltage is high enough 
to aaintain the regulator in an active regulator 
node. Hhen the battery voltage drops to a 
voltage level where the series pass regulator 
transistor drop gets too low, the latter goes 
into a saturated non -regulating node and the 
output voltage starts to decrease. In the 
saturated node, the drive circuitry is attenpting 
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to saintain regulation by delivering its saxiaua 
drive current capability to the series pass 
transistor. This value is approxiaately 230 
ailliaapereso Therefore, the shunt loss of the 
regulator will sharply increase froa the saall 
values shown in Figure 3 .8 .3.2-2 to approximately 
230 nilliaaperes when the controllers go out of 
regulation. Under noraal operating conditions, 
it is not anticipated that the battery voltage 
levels will drop down to levels that result in 
saturated node operation. This would occur only 
under failure node conditions. 

3. P. 3. 3 Solar Panel Perforaance as Function of Solar 

Constant . in order to plan power operations, it 
is very useful to knov what the available current 
will be at the noainal 28.0 volt bus voltage for 
all solar constants that will be encountered 
during the Hultiprobe mission- Figure 3.8 .3.3-1 
shows plots of solar panel current at 28 volts as 
a function of solar constant. The lower curve is 
a worst case predict that assuaes a aassive solar 
flare will occur. The upper curve is a aaxiauw 
predict that assuaes that no radiation damage 
occurs and that the solar cells will perform at 
their aaxiaua potential. 

3. 8. 3 .4 Battery Psage and Charging . During nost of the 

nission, the batteries will be cm trickle charge. 
High rate charging will be needed only before and 
after probe release sequences. 

Section 3. 8. 2. 5 describes how the battery charger 
operates. The charge current available during 
the various aissiou times is a function of a 
number of factors. This can be most easily 
explained by the use of battery boost charge 
array voltage/current curves and load lines for 
various critical mission times (Figure 3. 8.3.4- 
1 ) • 

During high rate charge the load line operating 
region is always above the knee or on the 
constant current portion of the curve. 

Therefore, the charge rate is a direct function 
of the solar constant. It will vary from 0.17 
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amperes (during Snail Probe separation) to 0.7 
aaperes near Venus. 

During low rate charging the load lines intersect 
the curves beyond the knee of the curve. The 
charge rate will vary between 110 ana 170 ma< when 
the bus voltage is at 29.5 volts and troe 80 to 
140 ma at a bos voltage of 28.0 volts. 

The trickle or low charge rates quoted above 
assuae that the battery is fully charged or near 
full charge and has a terainal voltage of 
approximately 34 volts (1.416 volts/celi) . When 
a partially discharged battery is initially 
placed on charge, its voltage will be soaewhat 
lower by approxiaa cely 2 or 3 volts. This aoves 
the abscissa intercept of the load lines to the 
left and increases the initial charge current to 
a value that is 40 to t>0 ma higher. The trickle 
charge rate will then slowly decrease as the 
battery reaches full charge. Charge current 
increases by approximately 20 ma for each 1 volt 
reduction in battery terminal voltage or 1 volt 
increase in power bus voltage. 

Battery charging will be commanded to lo* rate 
charge launch and remain in this configuration 
approximately 95 days. Approximately 1 day 
before toe battery is needed for Large or Small 
Probe release, high rate charging should be 
commanded on for approximately 4 hours. This 
will maximize the capacity and battery voltage 
for the probe release sequences. Recharge of the 
batteries after probe release sequences should 
also be performed at hign rate. 

The maximum battery DOD will occur during Small 
Probe release. Battery discharge current at this 
time is a function of sun angle and the 
spacecraft S-band transmitter load configuration. 
A high sun angle (near 26°) and low power (10 
watts) S-band transmitter output results in a 
relatively low battery discharge current (or 
possibly zero discharge current) whereas a low 
sun angle and high power (20 watts) S-band 
transmitter output results in a much larger 
discharge current. High power S-band operation 
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Bust be tiee United to prevent battery DOD in 
excess of 60 percent. 

Battery charging will noraally never be turned 
off. is explained in Section 3. 8. 2 . b battery 
charging is turned off when relays K1 and K2 are 
in opposite positions. If it is necessary to 
turn off battery charging for soae reason, the 
preferred relay states for charging turnoff are 
relay K1 high and K2 low. The reason is as 
follows: If, instead, relay K2 was left in the 

high state, and relay K1 was left in the low 
state, a battery overteaperature condition 
followed by a battery cool down would generate a 
reset signal to relay K1 which would transfer the 
latter to a high position and high rate charging 
would start autoaa tically. If, on the other 
hand, charging is turned off in the preferred 
Banner, a battery overteaperature condition 
followed by a cool down would result in a reset 
signal to K1 which would transfer the latter to a 
low position and low rate charging would start 
autoaatically . Although, it is extreaely 
unlikely that turning off battery charging would 
be followed by actuation of the overteaperature 
switch, it is preferable in this case that low 
rate rat .er than high rate charging be turned on. 
In any case, if charging cones on autoaatically 
as a result of a reset signal, the 
overteaperature circuit will turn charging off 
again if the batteries get toe hot. The 
overteaperature switch and its associated circuit 
would continue to dutoaatically turn battery 
charging on and off and, thus, protect the 
batteries froa excessive teaperatures. 

The solar panel charge strings are spaced 
approxiaately 36 degrees apart on the cylindrical 
substrate, as explained in Section 3. 6. 2.1. This 
results in approxiaately a 6 percent ripple of 
the current over the constant current portion of 
the v/l curve, it nigh charge rates this ripple 
current will be seen on the charge current 
teleaetry signals. Low charge rate operation is 
performed be lot the knee of the f/I curve. Since 
the open circu’* voltage of a solar cell is 
relatively insensitive to solar illuaination 
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levels, there will be a aach lover charge current 
ripple during low rate charge. 

To get an accurate neasureaent of charge current, 
approximately 10 aeasoreaents should be averaged. 

3.8. 3. 5 Pse of Precharge Circuit . As explained in 

3. 8.2.7, a precharge circuit is incorporated into 
the Bus undervoltage/ overload unit to slowly 
precharge large capacitors on the Large Frobe 
checkout and svitched load buses in order to 
ainiaize inrush currents and prevent switching 
transient disturbances to the other spacecraft 
loads. 

The precharge circuit should be used during Large 
Probe checkouts to precharge the input filter 
capacitors of soae of the Large Probe 
instruments. Precharging of Bus and Snail Probe 
instruaents is not necessary. The coaaand 
sequence to accoaplish Large Probe power turn-on, 
with initial precharge, is as follows: 

• UV/OL relays reset 

• Power systea protection OH 

• All science OFF 

• Probe checkout power OH 

• Precharge ON 

• LP Co an and/data unit OH 

• Science power priaary relay ON 

• DV/OL relays reset 

• Precharge OFF 

The precharge circuit should be used as a first 
step i.n powering up the switched loads bus again 
after an undervoltage or overcurrent fault has 
resulted in a trip of this bus. All of the loads 
on the switched loads bus (with one exception) 
are turned on and off by electronic latch 
circuits. Only the star sensor is turned on and 
off with a aechanical latching relay. Therefore, 
if a OV/OL trip occurs, the star sensor load will 
still be on the bus after it is reactivated. 

When the precharge circuit is turned on, the star 
sensor will draw a continuous current of 
approxiaately 25 ailliauperes through the 390 ohu 
isolation resistor. This results in a switched 
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loads bus voltage o t only 16 to 18 volts. 
Fortunately at this low voltage, star sensor OFF 
coaaand circuitry still functions. After sending 
a "Precharge ON" coaaand, both the star sensor 
channels aust be coaaanded off to allow the 
switched loads bus to be precharged to 
approxinately 28 volts before the "UV/OL relay 
reset" or "Power systea protection OFF" coaaand 
is seDt. 

The precharge circuit can also be used to verify 
that there are no short circuit faults on the 
probe checkout buses before the probe checkouts 
are perforaed. The probe checkout bus goes to 
all four probes through IFD's, a large nuaber of 
connectors, and long harness runs. These buses 
are not protected by fuses. It is possible that 
launch vibrations can induce a short circuit in 
one of the probe checkout buses. Therefore, 
prior to initiation of probe checkouts, it would 
be prudent to use the precharae circuit to verify 
that there are no short circuits on any of the 
four probe checkout b»:se s. This can be 
accoaplished in the following Banner: Verify 

that OV/OL Protection is ON (PSPBOS is in 1 
state) and Science Bus Beset Relay (PSCBOS) is in 
0 state (i.e., all science OFF). Send coaaand to 
precaarge circuit to turn it on (PCG19 or PCGA9) 
and verify that PBCHGS goes to 1 state. Then 
send coaaand probe checkout power ON (PC019 or 
PC0&9), verify that precharge circuit stays on, 
and that there is no increase in the spacecraft 
loads current (PBDSLI) . A short circuit on any 
of the four probe checkout buses would turn the 
precharge circuit off. A partial fault condition 
would result in an increase in the reading of the 
spacecraft loads current. The fault current 
would be liwited to 1 aapere by the precharge 
current United switch. If a fault condition of 
this type is detected, the precharge circuit 
should be turned off immediately. 

The precharge circuit can service only one probe 
at a tine (Reference: Paragraph 1.5. IB). 
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3.8. 3.6 Power Bus Fault Protection and UV/OL Trip 
Recovery . The spacecraft has a nunber of 
features that protect it froa power bus faults. 
Potential fault conditions are overvoltage, 
undervoltage and overcurrent. 

The Bus voltage Uniters provide overvoltage 
protection by absorbing excess solar capability 
and restricting transient overshoot voltages to 
values less than 31 volts. 

Bach spacecraft load has protective fuses and 
aost spacecraft units also have electronic 
current Uniting to protect against overcurrent 
conditions. It is alnost inpossible to protect 
against harness shorts, but internal unit short 
circuits will be effectively isolated by the 
fuses and current Unit circuits. 

It is possible for the spacecraft to go out of 
energy balance if the spacecraft spin axis drifts 
off the sun line nornal, if excessive loads are 
coaaanded on inadvertently by equipaent faults or 
aission operations errors, or a spacecraft unit 
develops a fault current that is of insufficient 
nagnitude to open a fuse. The net result would 
be that batteries would start to discharge at a 
tine when they noraally should be on charge. 

These operating conditions could deplete the 
battery and threaten the spacecraft with 
■arginally low voltage conditions. To renedy 
these battery undervoltage and/or overcurrent 
conditions, the UV/OL switch will trip off 
science, switched load, and BP transnitter bus 
loads as explained in Section 3. 6. 2. 7. 

In nost instances, an analysis of the telenetry 
data, prior to a UV/OL trip, will reveal the 
nature of the difficulty and thereby suggest 
corrective action. However, if a trip results in 
suuden loss of the downlink carrier and/or 
digital telenetry signals with no clues to the 
nature of the problen, it will be necessary to 
aak.e an assessnent of the spacecraft operating 
conditions to fornulatc corrective action. In 
this case, it would be prudent to power up the 
switched loads and BP transnitter buses 
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temporarily to get a fee eajor frames of data and 
then power down again to the aininua essential 
bus loads while the data is being evaluated. 

When it is desired to power up the bases 
temporarily after s trip, it should be 
accomplished by commanding to an override or 
"power system protect off" mode. Execution of 
the "3V/OL relay re. ■ command is undesirable in 
this case, since the switched load and BF 
transmitter reset relays, K2 and K3, can 
subsequently be powered down only by another 
undervoltage or overcurrent trip signal. 

The command seguence to temporarily power up the 
spacecraft after a UV/OL trip is as follows: 

• Precharge cn (wait one second) 

• PSI* off and PSI2* off (star sensor off 
commands) 

• Power system protection off (override on) 

• Precharge off 

• Commands to restore BF downlink and 
telemetry 

• Power system protection on (override off) to 
power down again. 

After corrective action has been implemented to 
remove the fault, the power buses should be 
commanded back into the "protected" mode with 
relay K4 off and XI, K2 and K3 reset relay 
enabled by the "OV/QL relay reset" command. 

Almost all non-essential spacecr^' science 

loads are turned on with electron ,-h 

circuits. Bemoval of bus power t* ■ ■ stt ' <Js 
also tarns off thcie latches. 
restored to their respective buses, 
necessary to send pulse turn-on comic: tirn 

them on again. There are only two no >ctlal 

power bus units that do not have elect, aic latch 
circuits. As explained above, one of them is the 
star sensor. The other is the transponder 
exciter. They are both turned on by mechanical 
latching relays. Rhen power is restored to their 
respective power buses after a trip, they will 
turn on again. The star sensor can be turned off 
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through the precharge circu t as explained above. 
The transponder exciter can be turned off (if it 
is necessary to do so) only after RP transmitter 
bus power is restored. However, it does not 
interfere with the nornal operation of the 
precharge circuits on the science and switched 
load buses. 

A battery undervoltage trip will reaove all 3 
non-essential "^wer buses even if the battery 
starts to ‘ter the Science and/or 

Switched ..odds bus^ are tripped off. Battery 
voltage - oet uot rise fast enough to interrupt 
the trr.p sequence. Ar ovtrcurcant condition that 
does not reduce t* . ttery voltage below 27.55 volts 
will be interrap ed men load reaoval drops total 
spacecraft loads cu r *ent under 16.25 aaperes; 
this could tssolv ^ reaoval of 1, 2 or 3 non- 
essential power ouses (Reference: Paragraph 
1.5.18) . 

The all science OPP coma and will oe ineffective 
whenever the spacecraft is operating with the 
power systeo protection OPP. Thus, in this 
conf iguration, instruments aust be turned OPP by 
n^ilizing indi*'lual OPP coaaands (Reference: 

Ljra graph 1.5.18). 

3 .8. 3. 7 Pse of Bus Voltage L in Iters . The five voltage 

Uniters will be enabled prior to launch and they 
should stay enabled throughout the aission. A 
voltage liaiter should be disabled only if it is 
defective. Each bus Uniter is capable of 
absorbing 2.35 anperes or 11.75 anpores total f< r 
the f.'ve liaiters. They will easily absorb all 
excess solar panel capacity at an? tine in the 
aission., even if a UV/OL trip occurs. 

3 .8 .3 .6 Propulsion Ha ter Per for nance E val uation . The 
Hultiprobe has the following coaplenent of jet 
thrusters: four radial, one aft axial and one 
forward axial. All of the radial lire heaters 
and the four radial jet thruster beaters are on 
continuously. The axial jet thruster heaters and 
associated line beaters can be commanded on and 
of f - 
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ill six jet thrusters have temperature sensors; 
the axial lines also have temperature sensors. 
However, the long radial lines do not have 
temperature sensors. Badial line 162 heater 
status (VJ12BS) is nonir. red by a small series 
12-ohm resistor vith a scule factor of 83-3 
Ka/volt. At 28 volts, this heater requires SI .6 
tea and results in a telemetry signal of 0.62 
yoits (31 data units) . Radial line 364 neater 
status (VJ34HS) is also monitored by a small 12- 
ohm resistor vith a scale factor of 83.3 ru per 
volt that also reguires 61.6 na at 28 volts. 
Improper '‘^ration of the radial line heaters 
will U? denoted by a sharp change in the TH 
sign 1. 

The prooulsion tank heater switch i.j the P1D 
controls operation of not only the tank heaterr 
themselves but also a large number of associated 
heaters for propellant, till and drain, and gas 
lines; fill and drain valves; latch valves; and a 
pressure transducer.. T\a propulsion tank v waters 
and their associated heaters are all upstream of 
the latch valves. All of these heaters are 
reuundant. The PIO switch selects either the 
primary or secondary group of neaters |BTT19 or 
HTTA9; HTT29 or HTTB9) . lo single point failure 
will prevent one of the two heaters from being 
commanded on. Either the primary or secondary 
group is on continuously. 

The two tanks and their propellant lines, nave 
temperature sens- rs to monitor the operation of 
tbei r heaters. At launch, the primary heaters 
will be commanded on. If any of the tank or 
propellant lie* temperature sensors indicates 
heate* failure, the secondary group of heaters 
shoulu be switched on and the primary group 
should be switched off. 

There not a sufficient number of temperature 
sensors to monitor all of the other small betuers 
in parallel with the tank and pi^pellant lire 
heaters. The resolution of toe 0 to 18 ampere 
spacecraft loads current sensor is inadequate to 
verily their proper operation. Therefore, two 
additional current sensor measurements, with good 
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lov current resolution, were added to monitor two 
primary tank heater subgroups. The following 
group of heaters and their noninal current at 28 
volts is monitored by a 16.5 ohv current sensor 
(VLVPHS - Latch Valve Prinary Heater Status) : 


Latch valve 1 A 
Latch valve 2A 
Pressure transducer 
Fill and drain line 1 
Fill and drain line 2 


10.46 na 
10.46 aa 
10.46 ua 
8.20 aa 
8.20 aa 
47.78 aa 


”his TM channel will read 0.788 volts at 28 
volts. The scale factor is 60.61 aa/volt or 1.21 
aa per data unit. Failure of any one of the 
above heaters will remit in a ainiaua change of 
6 or 7 data units. 


The second group of primary heaters and their 
noainal current at 28 vclts is (VFDVHS - Pill and 
Drain Valve Primary Heater Status); 


Fill and drain valve 1 

Fill and drain valve 2 

Fill and dr^in valve 3 

Fill ana drain 3 gas line 


18.42 aa 
18.42 aa 
18.42 aa 
1?S» .6.a a 
74.62 aa 


This TH channel has an 8 ohm current sensor that 
develops a 0.597 volt signal when the voltage is 
28 volts, rhe scale factor is 125.1 aa/volt or 
2.50 aa per data unit. Failure o£ one of the 
above heaters will result in a ainiaua change of 
7 or 8 data units. 


The telemetry values of these 4 propulsion 
heaters will fluctuate slightly as the bus 
voltage fluctuates. Also the propulsion heaters 
and the snail current sensors each have a 5% 
tolerance. In addition, heater resistance 
increases by approximately 101 when the 
propulsion heater temperatures are near their 
naxiaua levels. Therefore, the actual measured 
data deviates slightly f rc j the above nominal 
values. Shosn below are actual measured values 
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at a bos voltage ot 29. 5 volts at approximately 
♦b8°F: 


Latch valve heater groap 
Fill and drain valve 
heater group 
B1/R2 line heaters 
R3/B4 line heaters 


48.9 ma 
7S.0 aa 

hi. 6 aa 

S3. 3 aa 


Bus/Probe 1FP power Interfaces . Each prone has 
two relays to transler from checkout power to 
internal battery power prior to probe separation. 
Each relay has a dedicated relay driver circuit 
in the bus P1D. Actuation of either one or both 
relays will accomplish the desired transfer to 
internal power- The status of these eight relays 
is continuously monitored by Bus telemetry 
through the IPDs. 


The Large Probe has two shell heaters that are 
turned on and oft by relays located in the Bus 
P1U. Each Small Probe also has a shelf heater 
that is controlled by relays in the Bus PIU. 

The temperature sensors for each probe battery 
are also hardwired to Bus telemetry for 
continuous monitoring during cruise. 


Each probe battery has a heater that is actuated 
by a relay- This relay should be otf during 
cruise - it will De actuated by the probe pre- 
timeout signal approximately 3 hours before Venus 
atmosphere entry- The 4 battery relay on/off 
signals are provided across the 4 iFDs for 
continuous monitoring during cruise- It is a 
monitorinq function only - there is no means of 
actuating the battery relays from the Bus. 

3-8.3.10 Failure Bodes. Redundancy and Corrective Action . 
The power subsystem has redundant voltage 
limiters, discharge regulators, and battery cells 
which allow normal or near normal spacecraft 
operation to continue in case of failure. The 
UV/UL protective circuits have an override mode 
that allows by-passing of the reset relays. The 
propulsion tank heater circuit-, are redundant and 
their operation cannot be compromised by any 
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single point failure. A summary of potential 
failure Bodes and corrective action is shown in 
Table 3.8.3.10-1- 

3.8.4 Power Subsystem Coma and Besnonse . Table 3-8.4-1 

explains the function of each power subsystem 
cobb and and how the associated telenet ry signals 
measure the response to these commands . 

During all mission phases (with the exception of 
Small Probe Release) , there will be excess solar 
pan^l capacity, that forces current through the 
voltage limiter load resistors. Whenever this is 
the case, an increase in solar panel current 
results in an increase of bus limiter current by 
the same amount. Also, when a load is turned 
off, as reflected in a decrease in the spacecraft 
load current, the bus limiter current must 
increase by this sane amount. 


3.6-32 


3.8-33 


175 Msec. Xmtr Bus Relay to OFF; 

all RF Xmtr Bus loads 
reset to OFF, except 
Xponder-excite r. 


Orig. Issue Date 
Revision lo. 






Section No. 3. 8. ft 

Doc. No. PC -403 

Orig. Issue Date 5/22/78 
Revision Mo. _ ___ _____ _ 

Revision 


TABLE 3.8.3. 10-1 

FAILURE MC ' >ES AND CORRFCTIVE ACTIONS 


Failure Mode 

Corrective Action/Comments 

Bus Voltage Limiter fails 

Send disabled command to remove from power bus; 
1 limiter is redundant. 

Discharge Controller fails 

Each battery has redundant discharge regulator - select 
redundant unit by command. 

Current sensor fails 

Current sensor elements consist of 2 parallel power 
resistors (shunts) to prevent open in power bus - if 
sensor electronics fails, unknown current can be derived 
from other current sensor measurements with aid of 
equations in Section 3. 8. 3. 2. 

Charge Controller Relay 
K1 falls in high state 

By means of relay K2 can command to high charge and off 
only * if battery gets too hot in high charge state, must 
periodically command on and off by ground or memory 
command. 

Charge Controller Relay 
K1 fails in low state 

By means of relay K2 can command to low charge or off 
only. 

Charge Controller Relay 
K2 fails in high state 

By means of relay K1 can command to high charge and off 
only - If battery gets too hot in high charge state, must 
periodically command on and off by ground or memory 
command. 

Charge controller Relay 
K2 fails in low state 

By means of relay Kl can command to low charge or oil 
only. 

Over temperature Circuit 
Inadvertently terns off 
Relay K1 

Relay Kl car be commanded back to previous position by 
ground command. 

VV/OL trips off inadvertently 

Bypass VV/OL reset relays by turning on relay K4 with 
"Power Subsystem Protection Off" command. 

Precharge Circuit fails 

If VV/OL trip occurs and loads unlatch after "VV/OL 
relays reset" command, send pulse commands to turn 
them on again. 

Radial Jet Heater 1, 2, 3, 
or 4 fails. 

Redundant radial (ets available if defective heater results 
in excessively cold \eU 
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TABLE 3. 8. 3. 10-1 (Continued) 


Failure Mode 

Corrective Action/Comments 

Cannot turn on or turn off 
axial jet heater 

Use redundant axial jet with suitable temperature as 
verified by temperature sensor. 

Cannot turn forward axial 
jet heater on or off 

If forward axial jet temperature not suitable, use redun- 
dant aft axial jet. 

Open cell In a battery pack 
(very low probability event) 

Loss of complete battery - turn off charge to failed 
battery. 

Shorted cell in a battery 
pack 

Battery will continue to operate with one or two shorted 
cells with reduced capacity. 

One or more heaters of pri- 
mary tank group fails 

Transfer to secondary tank heater group. 

Cannot turn on large or small 
probe heater 

Probe temperature near Earth may fall below minimum 
non-operating specification levels. 

Cannot turn off large or small 
probe heater 

Minimize operation time during probe checkout. Heaters 
will turn off after IFD separation. 

Probe Internal power transfer 
relay 1 or relay 2 fails 

Relays and drive circuits redundant. Actuation of either 
relay will isolate checkout bus and transfer to Internal 
battery. 

Cannot turn on probe checkout 
bus 

Brief probe checkouts and commands to timers must be 
performed on internal battery power. 

Cannot turn off probe checkout 
bus 

All four probe timer circuits will have power applied con- 
tinuously resulting in small continuous parasitic load. 

R1 and R2 Line Heater Status 
TM Value not nominal 

Radial 1 and 1 idial 2 Line Heaters defective; use Radial 
3 and Radial 4 jets instead. 

R3 and R4 Line Heater Status 
TM V;ilue not nominal 

Radial 3 and Radial 4 line heaters defective; use Radial 
1 and Radial 2 jets instead. 
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TABLE 3. 8.4-1 

POWER St BSYSTEM COMMAND RESPONSE 


Command 

Mnemonic 

Comm ?nd Title 

Command Response 

Telemetry' 

Mnemonic 

Telemetry Title/Comments 

BATLri 

BATAj6 

Battery 1 - Belay 1 
I ow Rate Charge 

Commands battery 1 to lo 
charge rate If K2 in lo 
state; turns battery 1 
charge off if K2 In hi state. 

PBIR1S 

Battery 1, Relay 1 Status goes to low 
state (="0”> 

PCHG1J 

Battery 1 Charge Current changes value to 
low charge rate level or to zero. 

PPAM I 

Solar Panel Current changes by same 
quantity as battery charge current but 
change is In opposite direction. 

BATlt# 

BATA9 

Battery 1 - Relay 1 
HI Rate Charge 

Commands battery 1 to 
hi charge rate If K2 in hi 
state; turns battery 1 
charge off !f K2 In Ion 
state. 

PB1R1S 

Battery 1, Relay 1 Status goes to hi state f=’T 

PCIIG1I 

Battery 1 Charge Current changes value 
to high charge rate level or to zero. 

PPAM I 

Solar Panel Current changes by same 
quantity as battery charge current but 
change is in opposite direction. 

BATH 

BATA1 

Battery 1 Primary Dis- 
charge Regulator Select 

Input of primary discharge 
regulator connected to 
Battery 1 and output to 
essential bus. 

i 

PREGIS 

1 

Prim ary/ Redundant Discharge Regulator 
1 Status goes to primary state 1=*T*| 

1 

BAT12 

BATA2 

Batter, 1 redundant Dis- 
charge Regulator Select 

1 

Input of redundant dis- 
charge regulator connectec 
to Battery 1 rjjd output to 
essential bus. 

, PREGIS 

| 

j 

Primary /Redundant Discharge Regulator 
[1 Status goes to redundant state (-”0"). 
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TABLE 3. 8. 4-1 (Continued) 


Command 

Mnemonic 

Command Title 

Command Response 

BAT13 

Battery 1 - Relay 2 

Commands Battery 1 to 

BAT A3 

HI Rate Charge 

bl Charge Rate if K1 in 
hi State; Turns Battery 1 
charge off if K1 In lo 
state. 

BAT14 

Battery 1 - Relay 2 Low 

Commands Battery 1 to 

BATA4 

Rate Charge 

lo charge rate if K1 In 
lo State; turns Battery 1 
charge off if K1 in hi 
state. 

BAT3& 

Battery 2 - Relay 1 low 

Commands Battery 2 to 

BATB* 

Rate Charge 

low charge rate if K2 In 
low state; turns Battery 
2 charge off if K2 in hi 
state. 

BAT29 

Battery 2 - Relay 1 HI 

Command Battery 2 to al 

BATB9 

Rate Charge 

charge if K2 In hi sUtc; 
turns Battery 2 cha.'ge off 
if K 2 in low state. 


Telemetry 

Mnemonic 

Telemetry Tltle/CommenU 

PB1R2S 



Battery 1, Relay 2 Status goes tohl stateful) 

PCHGlf 

Battery 1 Charge Current changes value 
to hi charge rate Level or to zero. 

PPAN1 I 

Solar Panel Current changes by same 
quantity as battery charge current, but 
change Is in opposite direction. 

PB1R2S 

Battery l. Relay 2 Status goes to lo state 

PCHGll 

Battery 1 Charge Current changes value 
to low charge rate level or to zero. 

P PANT I 

Solar Panel Current changes by same 
quantity as battery charge current, but 
change Is In opposite direction. 

PB2R1S 

Battery 2, Relay 1 Status goes to lo StatcfO) 

PCHG2I 

Battery 2 Charge Current changes value 
to I ow charge rate level or to zero. 

PPANl 1 

Solar Panel Current changes by same 
quantity as battery charge current, but 
change Is in opposite direction. 

PB2R1S 

Battery 2, Relay 1 Status goes tohl state (*1) 

PCHG2! 

Battery 2 Charge Current changes value 
to high charge rate level or to zero. 

PPANL I 

Solar panel Current changes by same 
quantity as battery charge current, but 
change Is In opposite direction. 



Orig. Issue bate 
Revision Ho. 



TABLE 3. 8. 4-1 (Continued) 


Command 

Mnemonic 

Command Title 

Command Response 

BAT21 

BATB1 

Battery 2 Primary Dis- 
charge Regulator Select 

Input of primary dis- 
charge regulator connecte 
to Battery 2 and output to 
essential bus. 

BAT22 

BATB2 

Battery 2 Kedundnat Dis- 
charge Regulator Select 

Input of redundant dis- 
charge regulator connecte 
to Battery 2 and output to 
essential bus. 

BAT23 

BATB3 

Battery 2 - Relay 2 High 
Rate Charge 

Command Battery 2 to hi 
charge if K1 In hi state, 
turns battery 2 charge off 
if K1 In Lo state. 

BAT 24 

BATB4 

Battery 2, Relay 2 
Lo Rate Charge 

Commend Battery 2 to 
lo charge If K1 in lo 
state; turns battery 2 
charge off if K1 in hi 
state 

ps pie 

PSPA0 

Power System Protection 
ON. 

Commands relay K4 of 
UV/Ol Into OFF position. 

PSP1J* 

PSPAd 

Power System Protection 
OFF. 

Commands relay K4 of 
I’V/OI Into ON position. 


INS1# 

INSA* 


All Science OFF 


Commands relay K1 of 
UV/OL Into OFF position. 


Tel emetry 
Mnemonic 

Telemetry Tltle/Commenta 

PREG2S 

Prim ary /Redundant Discharge Regulator 
2 Status goes to primary state <="1”). 

PREG2S 

Prim ary /Redundant Discharge Regulator 
2 Status goes to redundant state <=”0”> 

PB2R2S 

Battery 2 , Relay 2 Status goes to hi state (*" 1 * 

PCHG2I 

Battery 2 Charge Current changes value 
to high charge rate level or to zero. 

PPANII 

Solar Panel Current changes by same 
quantity as battery charge current, but 
change is in opposite direction. 

pbSrs 

Battery 2, Relay 2 Status goes to 
lo state (^"O 1 *) 

PCHG2I 

Battery* 2 charge current changes 
value to lo charge rate level or to zero 

PPANLl 

Solar Panel Current changes by same 
quantity as battery charge current but 
change is in opposite direction. 

PSPROS 

! Power System Protection ON/OFF goes 
to ON state (UV/OL Protection active) 

<* M n. 

PS PROS 

Power System Protection ON/OFF goes 
to OFF state ("O ’); applies power to 
science, switched load and r.f. transmit- 
ter buses (UV/OL Protection overridden). 

PSCBUS 

Science Bus Reset Relay Status goes to OF 7 
state (■■ 0 ”j;powerto science bus removed. 

1 

Spacecraft Loads Current will decrease. 

WswHI 

Science Current will decrease to zero. 
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TABLE 3. 8. 4-1 (Continued) 




Telemetry 

Mnemonic 

Telemetry Title/ Comments 

PHTFJS 

Forward Axial Jet Heaters ON/OFF goes 
to OFF state (="0"} 

VJET5T 

Forward Axial Jet Temperature decrease! 

PHTAJS 

Aft Axial Jet Heaters ON/OFF goes to 
OFF state (="1") 

VJET6T 

Aft Axial Jet Temperature rises. 

PBL’SI i 

Spacecraft Loads Current sensor resolu- 
tion Inadequate to measure 42 ma current 
change. 

PHTAJS 

Aft Axial Jet Heaters OK/OFF goes to 
OFF state (=”G M > 

VJET6T 

Aft Axial Jet Temperature Decreases. 

L . . . 

PI IMIS 

Bus Limiter 1 Enable /Disable goes to 
enabled state (="1”) 

PLIM2S 

Bus Limiter 2 Enable/ Disable goes to 
enabled. 

PLIM1S 

Bus Limiter 1 Enable /Disable goes to 
disabled state (+ , ’0”> 

PLIM2S 

Bus Limiter 2 Enable /Disable goes to 
disabled state <=”0") 
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TABLF3.8. 4-1 (Continued' 


Command 

Mnemonic 


Command Title 


Command Response 


HTUl 

HTLAtf 


Large Probe and Small 
Probe 1 Heaters OFF. 


Removes power from 
Ijirge Probe and Small 


Probe 1 heaters. 


HTS19 

HTSA9 


[Small Probe 1 Heater ON 


A p r iies power to Sm 
Probe 1 heater 


all 


HTS29 

HTSB9 


Small Probe 2 Heater ON 


Applies power to Small 
Probe 2 heater 


HTSJ9 

HTSC9 


[Small Probe 3 Heater ON. 


Applies power to Small 
Probe 3 heater 


HTS2* 

HTSBrf 


Small Probes 2 and 3 Removes power from 

Heaters OFF Small Probes 2 and 3 


heater 



Small Probe 1 Heater ON/OFF goes to 
ON state 


Spacecraft loads current Increases by 
0.09 amps. 


Small Probe 2 Heater ON/OFF goes to 

ON state (=”1”> 


Spacecraft loads current Increases by 
0.09 a*iips. 


Small Probe 3 Heater ON/OFF goes to 
ON state (-"l") 


Spacecraft loads current increases by 
0.09 amps. 


Small Probe 2 Heater ON/OFF goes to 
OFF state (=' 0"j 


Small Probe 3 Heater ON /OFF goes to 
OFF state (="0") 
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TABLE 3. 8. 4-1 (Continued) 


Command 

Mnemonic 

Command Title 

Command Response 

Telemetry 

Mnemonic 

Telemetry Tit it ''Comments 

LIM39 

UMC9 

Bus Limiter 3 and 4 
Enable* 

Latching relay connects 
bua limiters 3 and 4 to 
essential > js 

PI fM3S 

Bus Limiter 3 Enable /Disable goes to 
enabled state (-”1”) 

PLIM4S 

Bus limiter 4 Enable /Disable goes to 
enabled state (**T ") 

LIM34) 

LIMCd 

Bus IJmlter 3 Disable. 

Latching relay disconnect 
bus limiter 3 from 
essentlai bus. 

b PLIM3S 

Bua t fmlter 3 Enable/ Disable goes to 
disabled state (= ,T 0 M ) 

UMW 

LIMDtf 

Bua I Imiter 4 Disable, 

Latching relay disconnects 
bus limiter 4 from 
essential bus 

PLM4S 

Bus Limiter 4 Enable /Disable goes to 
disabled state (="0 ,r ) 

I.IM59 
! IME9 

Bus limiter 5 Enable, 

Latching relay connects 
bus limiter 5 to 
essential bua 

PL1M5S 

Bus I imiter 5 Enable /Disable goes to 
enabled state (="l ,r ) 

LIM51$ 
i ime* 

Bua Limiter 5 Disable. 

l atching relay disconnects 
bus limiter 5 from 
essential bus 

PLIM5S 

Bus limiter 5 Enable/ Disable goes to 
disabled state {="0") 

L. ........ _ 

PCOJ ' 
PCOA9 

Probe Checkout Power ON 

Applies bus checkout 
power to all 4 probes 

PCHEKS 

i 

Probe Checkout Power ON/OFF goes to 
ON state (='’V) 

PCO10 

t*COA# 

| Probe Checkout Power OFF 

Removes bus checkout 
power from all 4 probes 

f 

PCHEKS 

Probe Checkout Power ON/OFF goes to 
OFF state CO’*) 

HTL19 
HTI -A9 

Large Ihrobc Heater ON. 

Applies power to large 
probe heaK . . 

1 

Pt.HTRS 

f 

Large Probe Hewers ON/OFF goes to 
ON state (-"1”) 

PBLSLI 

1 

Spacecraft Loads Current increases by 
approximately 0.75 amperes. 
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TABLE 3, 8. 4-1 ^Continued) 


Contmand 

Mnemonic 

— 
Command Title 

— 
Command Response 

Telemetry 

Mnemonic 

Telemetry' Tltle/Comm< nta 

LPP19 
I PPA9 

Large l>robe Internal 
Power ON 

Applies 3' ms pulses to 
ON colls of I arge* Probe 
internal power retavs 1 
and 2. 

PI PIUS 

! argt Probe Internal Power Relay 1 ON’/ 
OFF goes to ON state 

PI PH2S 

I .arge Probe Internal Power Relay 2 ON/ 
OFF goes to ON state i 

LPPliJ 

LPPA* 

I^arpe Probe Internal 
Power Ol Y 

Applies 3'> ms pulses to 
OKI colls of largo Probe 
Internal power relays 
1 and 2. 

PI PHI S 

I arge Probe Internal Power Relay 1 ON'' 
OFF goes to OFF state (- '0'*) 

V] PR2S 

large Probe Internal Power Relay 2 ON/ 
OFF goes to OFF state (=*‘0' , 

SPP19 

SPPA9 

— 

Small Probe 1 Internal 
I*ower ON 

Applies 35 ms pulses to 
OFF colls of Small Probe 
1 internal power rela> s 
1 ind 2. 

PI PHI s 

Small Probe Internal Power Belay 1 ON ' 
O} F goes to ( >N e?*»e T ’> 

P1PR2S 

Small Probe Internal power Relay 2 ON/ 
OS* F goes to ON state i-’ l' i 

SP PUi 
SIP W 

Small Prooe 1 Internal 
I'ouvr OFF 

1 

| 

Applies 25 ms pulses to 
OFF colls of Small Probe* 
1 internal powr relays 
l and 2. 

I>1 PIUS 

Small Probe 1 Internal Power Relay 1 ON/ 
OFF goes to «»FF stale (=”0"| 

P1PR2S 

Small Probe Internal Power Relay 2 ON/ 
OFF goes to OFF state 

SPP29 

SPPB9 

Small Probe 2 Internal 
Power ON 

applies 35 ms pulses to 
ON colls of Small Probe 
2 internal power relays 
1 *nd 2. 

r^'RlS 

Small Probe 2 Internal Power Relay 1 ON/ 
OFF goes to ON state (-"1”) 

P2PU2S 

Small I>robe 2 Internal Power Relay 2 ON/ 
OFF goes to ON state 

SPP2? 

SPPBflT 

S:nall Probe 2 Internal 
Power OFF 

Applies 3 ms pulses to 
OFF colls of Small Probe 
2 internal power relays 
1 and 2. 

P2PK1S 

Small Probe 2 Internal Power Relay 1 ON / 
OFF goes to OFF state <=”0”) 

P2PH2S 

Small Probe 2 Internal Power Relay 2 ON/ 
OFF goes to OFF state 
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TABLE 3.8.4 

-1 (Continued) 



Command 

Mnemonic 

Command Title 

Command Response 

Telemetry 

Mnemonic 

PSP11 
PS PA 1 

t T V/OL Relay's Reset. 

: 

Commands Relays Kl, 
K2 and K3 into ON posi- 
tion. 

PSCBl'S 
PLDBUS 
PR FBI'S 




PBPSLI 


PCG19 

PCGA9 

Precharge ON 

Commands precharge 
switch ON. 

PCGlf 

Precharge OFF' 

Commands Precharge 

PCGAd 


Bwitc.. OFF. 

HT119 

Primary Propellant TaL 

Switches essential bus 

HTTA9 

Heaters Select 

power from secondary to 
primary tank heaters. 


VLVPHS 

VFDVHS 


Telemetry Title /Comments 

Science Bus Reset Relay Status, 

Switched Loads Reset Relay Status, 
and Xmtr Bus Reset Relay Status signals 
all go to hi state (-’T") 

Spacecraft Loads Current will increase 
from last observed value If science bus & 
switched Loads bus had tripped OFF. 

Precharge ON/OFF status goes to ON 
state 

Precharge GN/OFF Status goes to OFF 

state (="0”) 

Primary /Secondary Propulsion ink 
Heater status goes toPrimary state (= T ’) 

L/V Primary Heater Status is nominal 
48 majF&D Valve Primary Heater Status 
is nominal 75 m a. 


HTT29 

HTTB9 


HTJ19 

HTJA9 


Secondary Propellant Tank Switches essential bus 
Heaters Select power from primary' to 

secondary tank heaters 


Forward Axial Jet Heaters Turns ON forward axiai 
ON jet heaters. 


VI VPHS 
VFDVHS 



Primary /Secondary Propulsion Tank 
Heater Status goes to secondary state (= M 0”) 

L/V Primary Heater Status and 

F&D Valve Primary Heater S'.atus both go 

to zero ma. 


Forward Axial Jet Heaters ON/OFF goes 
to ON state (='T M ), Spacecraft load curren 
sensor resolution Inadequate to measure I 
15 ma current change. I 
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VJET5T 


Forward Axial Jet Temperature rises. 
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TABLE 3. 8. 4-^ (Continued* 


Command 

Mnemonic 

Command Title 

SPP39 

SPPC9 

small Probe 3 Internal 
Power ON 

SPP3/J 

SPPtrf 

Small Probe 3 Internal 
Power OFF 





Command Response 

Telemetry 

Mnemonic 

Telemetry’ Title /Comments 


Applies 33 ms pulses to 
ON coils uf Srnail Probe 
3 Internal power relays 
1 and 2. 

r-»pnis 

Smal! Probe 3 Internal Fowcr Relay 1 ON; 
OFF goes to ON state 

P3PR2S 

- 

Sm/Jll ProO 3 'nternal Power Relay 2 ONy 
OF. goes t ON state i- 1") 


Applies 35 ms pulses to 
OFF coils of Small Probe 
3 Internal power rela\s 
1 and 2. 



P3 PR! S 

Small Probe 3 Internal Power Relay 1 ONy 
OF I goes to OFF etate (-"O' > 

P3PR2‘ 

Small Probe 0 Internal Power Relay 2 ONy 
OFF goes to OFF state 
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FIGURE 3.8.3.2 2. DISCHARGE CONTROLLER SHUNT CURRENT LOSS AS 
FUNCTION OF OUTPUT CURRENT 
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FIGURE 3.8. 3. 3-1. SOLAR PANEL CURRENT AS FUNCTION OF SOLAR CONSTANT 
BEFORE REORIENTATION 
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FIGURE 3.8.3.4-1. BOOST CHARGE ARRAY VOLTAGE/CURRENT CURVES 
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4 .0 SP ACECRAFT MISSION OPER A TIONS 

Detailed performance of tbe Multiprobe system in 
normal operating modes and backup modes is presented 
ahead. 

4.1 MISSION MECHANICS 

The mechanics of the Multiprobe mission are delineated 
by descriptions of (i) the nominal mission profile 
(4.1.1), (ii) disturbances to nominal spacecraft 
configurations (4.1.2), and (iii) changes in 
spacecraft configurations (4.1.3). 

4.1.1 Nominal Mission Profile . The nominal mission 
profile is introduced by a comprehensive mission 
description from lift-off to end of life 

(4. 1.1.1). A detailed attitude profile (and 
options) follows (4. 1.1.2) , with illustrations of 
spin axis attitude, sun angle and communication 
angle when appropriate. The spin rate profile 
(and options) are presented in 4. 1.1. 3. The 
maneuver profile propellant budget, maneuver 
charactersitics and constraints are discussed in 
4. 1.1.4. 

4. 1.1.1 mission Descriptio n. 

(a ) Launch Phase (Lift-Off to spacecraft 
lepa ration) . The Multiprobe will be 
launched with an Atlas Centaur launch 
vehicle from Cape Canaveral. Launch 
will take place during n one hour 
window on one of ten successive days in 
the period from 11 August through 23 
August 1978, The launch vehicle will 
place the Multiprobe on the desired 
interplanetary trajectrory after a 16 
to 21-minute coast period in a 90 nmi 
earth parking orbit. 

After Centaur second burn (HECO 2) and 
prior to spacecraft separation, the 
Centaur will reorient the spacecraft +Z 
axis to an approximately normal to the 
ecliptic attitude in the direction of 
the south ecliptic pole. The south 
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ecliptic polar direction has been 

selected for the Huitiorobe spin axis 

cruise attitude because of the greater 

number ot visible stars in the southern 

ecliptic heaispheie. The spacecraft *2 

axis is initially tilted ^12 deqrees 

away fro*! the south ecliptic toward the 

local sunline in order to compensate ■ 

for a deterministic attitude | 

displacement during spinup. j 

j 

|b) Near Earth Phase (Separation to 

16 Hours After Lift-Q‘ XI- Spacecraft ; 

separation switches initiate redundant i 

command sequences, each sequence being i 

stored in one of of the two spacecraft 
coaaand processors prior to launch. 

Two ->pinup thrusters are tired to 
iapart a IS tO.S rpa spin rate and the 
spacecraft is then configured for 
initial ground station acquisition 
(Section 4.2.1). It is expected that 
ground station acquisition at 
Honeysuckle will occur within the first 
hour after launch. Cebreros, DSS-62, 
provides nominal coverage during the 

first 6 to 16 hours while Goldstone, ; 

DSS- 12 , should acquire ^14 hours after j 

lift-off. 1 

j 

The spacecraft is designed so that the 1 

nominal spin (*Z) axis will be the axis 

of maximum moment of inertia. Centaur 

reorientation nominally tilts the *Z 

axis approximately 12 deqrees froi the 

south ecliptic pole toward the sunlme 

in order to compensate for a 12 degree 

deterministic attitude displacement 

during spinup. However, Centaur, 

separation and spinup errors contribute 

to a 10-degree uncertainty in the 

average attitude so that the average 

sun angle at acquisition is 90 i 10 

degrees. In the absence of nutation, 

cue *Z axis would be aliqned to the 

angular momentum vector. Since 

nutation induced by spinup m small. 
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i.e., less than 2 degrees, any residual 
nutation saoula be daaped out by the 
nutation daaper prior to acquisition. 

The spacecraft is initially below the 
ecliptic after centaur injection. 
However, it rapidly rises above the 
ecliptic, so that several hours after 
separation, the initial earth looK 
aagie would be 75 to 90 deqrees w.r.t. 
the *Z axis, if the *Z axis were 
oriented toward the south ecliptic 
pole. Because the average attitude 
after spinup has a potential 10-degree 
error, the average e. ;th look angle at 
acquisition lies between 65 and 100 
degrees. 

Spacecraft engineering tele*etry will 
nominally be transmitted via the 
spacecraft aft o*ni antenna during the 
initial acquisition period and via th 
forward omni during the later 
acquisition period. The sun sensor is 
used to initially assess spin speed, 
sun angle and residual nutation. In 
the presence of nutation, the averaae 
value of dC ti*e intervals represents 
the spin period (nominally 15 *0.5 rpm) 
while the average value of *»'*.' 2 time 
intervals divided by spin period is a 
■easure of sun look angle (nominally 90 
±10 degree). Nutation generates a 
quasi-si nusoidal variation m about 

the average value at body nutation 
frequency (inertial nutation frequency 
ainus spin frequency), i.e., ~28i of 
spin frequency. The amplitude of the 
variation in -2 tl#e intervals is a 
■easure oi residual nutation (nominally 
<2 degree) . 

The attitude will be nominally 
reoriented to witnin 2 deqrees of the 
south ecliptic pole m preparation for 
the cruise phase. Prior to this reor 
(< 10 degrees) , star sensor 
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measurements are obtained to define 
attitude as veil as Maneuver 
parameters. The Maneuver to the south 
ecliptic pole will nominally be based 
on attitude information so that when 
attitude measurements are obtained 
after the maneuver, an initial 
calibration of axial jet (s) pulsed 
perforeance can be made. 

The spacecraft trajectory carries it 
above the ecliptic plane so that the 
earth's elevation witn respect to the 
spacecraft spin plane will be positive, 
i.e., toward the spacecraft *Z axis. 

Tbe earth's elevation starts at 410 to 
±18 degrees and decreases slowly 
through the cruise phase. The forward 
onui provides the best earth look angle 
for telemetry and command throughout 
the cruise phase with the spin axis 
orient -d along the south ecliptic pole. 

Interplanetary Cruise Phase (36 Hours 
A fter Liftoff to Venus Encounter . P or 
a Type 1 Bar th-to-Venus trajectory, the 
angle between the sun-Earth line at 
launch and the sun-venus line at 
arrival (heliocentric transfer angle) 
is less than 180 degrees. As shown in 
Figure 4. 1.1. 1-1, this tragectroy will 
always remain inside of the Earth's 
orbit, pass between the Earth and sun 
(inferior conjunction) at about 75 days 
and proceed to intercept Venus at 0.72 
AO from the sun at about 116 days after 
launch . 

Trajectory correction maneuvers (TCP!) 
will be needed tc compensate for launch 
vehicle injection errors and maneuver 
execution errors. The corrections are 
expected to total not more than 12.8 
m/s (3a) in spacecraft velocity change 
(AV) . Taree t~ajectory correction 
maneuvers are planned, for 
approximately five and twenty days 
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after launch, and twenty -eight days 
before Venus encounter. The first 
aaneuver is the largest, requiring a 
(99.5% probability of not exceeding) AV 
of 12 a/sec to correct launch vehicle 
injection errors. This naneuver can be 
perfcraed in the south ecliptic polar 
attitude using successive firings of 
axial and radial jets. Since either 
radial jet pair generates thrust noraal 
to the spin axis and the aft and 
forward axial jets generate thrust 
parallel to the spin axis, the required 
AV can be delivered in any direction by 
a vector combination of individual 
axial and racial jet la pulses. 

However, the weiqht penalty associated 
with use of the wector node for the 
first aidcourse can be significant, so 
that use of the axial node (precession 
• continuous axial thrust) or radial 
■ode (precession ♦ pulsed radial 
thrust) for this aaneuver could save as 
such as 9 lbs. of propellant. The 
nagnitude of the multiprobe first 
eidcourse and the large cant angles of 
the aultiprobe radial jets necessitate 
the trade. At the tiae of the first 
aidcourse, spacecraft sun angle is 
constrained to be greater than 65 
degrees and less than 120 degrees if a 
specific attitude is to be aaintained 
for at least 4 hours. This constraint 
always peraits use of the radial aode 
when the AV direction is within 62 
degrees of the sunline and use of the 
axial aode when the aV direction is 
within 90 ±25 degrees of the sunline. 

The second and third Ten's expected to 
require not wore than a AV of 0.7 a/s 
and 0.1 a/sec, respectively, are 
executed with the vector wode; these 
waneuvers correct execution errors 
resulting froa the previous aaneuver 
and aodelling errors cowpared with the 
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actual solar pressure encountered in 
the aissicn. The vector node has been 
nominally selected for these TCH’s 
because it does not appreciably change 
the steady state cruise configuration 
while incurring a saall propellant 
penalty for the worst case AT 
direct ion. 

Cosaand and control of the Hultiprobe 
will noraally te exercised utilizing 
the DSN 26-aeter net except that when 
aaneuvers ace being performed, the bit- 
meter stations will be used. Prior to 
the start of the first two TCB*s, the 
earth loot angle is 72 to BO degrees; 
prior to the third TCN, the loot angle 
is 7b to 84 degrees. The coabination 
of forward and aft oani*s Kill ensure 
coaaand function in the event of an 
anoaalous attitude change. Prior to 
and following any axial or radial jet 
firing, attitude, spin rate and 
nutation will be deterained froa sun 
and star sensor data. Earth look angle 
during TCB*s in the cruise attitude 
cause 20 to 304 of the A? imparted by 
axial jets to be reflected in . anqe 
rate change and thus doppler frequency 
shift. The large cant angles of both 
radial jet pairs can cause as auch as 
30 to •*!>* of any AW imparted to be 
reflected in range rate change and thus 
doppler frequency shift. Thus, near- 
real-tiae measurement of performance 
during the Tens is available via 
doppier shift. 

The order of axial and radial jet 
firing can be significant. Per radial 
jet pair pulsed aaneuvers of five 
aeters/sec, the accumulated precession 
and spin speed change is on the order 
of 3.9 degrees and 1.4 tpa, 
respectively; the residual nutat'on is 
negligible. Por a single axial jet 
continuous maneuver of the same 
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Magnitude, precession is 0.5 degree, 
spin speed change is = 0.6 rpm, and 
notation is 2 degrees. In order to 
minimize the effect of coupling errors 
due to the first part of the vector 
Maneuver on the performance of the 
second part, the following sequence is 
reconn ended: radial 30 1 pair pulsed 

Maneuvers have first priority when tne 
A? correction is snail such as the 
second and third corrections; axial jet 
Maneuvers have first priority when the 
radial is nore than several «/sec, 
but at least a half-hour should be 
allocated between parts of nutation 
damping. An attitude touchup and spin 
speed trim will be executed if required 
after the maneuver is complete and 
nutation is damped. 

The initial reorientation to the south 
ecliptic pole affords an opportunity to 
calibrate the axial jet (s) in the 
pulsed node. A radial jet pair in the 
pulsed node has potentially strong spin 
and precession coupling during a 
velocity maneuver. A calibration 
maneuver (perhaps a day earlier than 
the first TCB) on the cruise radial jet 
pair is recommended to anticipate and 
plan for any large coupling errors that 
might be experienced during the first 
TCH. 

Star and sun sensors will be used to 
provide attitude data lor maneuvers as 
well as steady state operations. The 
star sensoi with its redundant silicon 
detectors is expected to be responsive 
to 25 stars. The star sensor field of 
view is the sector between 4b and 70 
degrees from the spacecraft spin axis. 
This field sweeps out a 24-degree wide 
band of the sky as the spacecraft 
spins. The stars which fall in the 
sensor field of view depend on the 
spacecraft attitude. For the nominal 
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cruise attitude (south ecliptic polar) , 
five stars are potentially visit;?: 
Sirius, Rigel Kentaurus, Bigel, Beta 
Grus, and Fomalhaut. Sometime during 
the interplanetary cruise, the relative 
celestial longitude of each one of 
these stars vith respect to the sun 
will cause sun interference. However, 
at least three of the five star^ at 
v ;ef ul attitude references at all 
tines. Sun angle measurements are 
available for sun A ook angle., greater 
than 15 degr^T »nd less than 165 
degrees, when the appropriate Bid-range 
or extended range sensor is selected. 

Attitude determination in its simplest 
form requires a sun measurement and a 
star aeasurement. Multiple stars 
permit estimation of sensor biases, and 
therefore improve attitude accuracy and 
evaluation of solar disturbance 
torques. Star sensor data on the 
available star set will be obtained 
periodically throughout v. raise to 
improve attitude estimation. 

Assessment of attitude changes in 
association with TCH»s cr attitude 
touchups employs the minimum data set 
vith updated sensor biases. Spin 
period determination is routinely made 
by averaging sun sensor CC time 
intervals. Mutation transients and 
decay can be observed in the quasi 
sinusoidal variation in time 

lutervals at 25 to 50% of spin 
frequency, depending on the Multiprobe 
configuration. Telemetry will be 
transmitted primarily via the forward 
omni during the first = 89 days. 

(d) Mu ltiprobe Encounter 128 Days Entry to 
Bus Bntfvl . The encounter phase of the 
mission starts, for targeting purposes, 
at 28 days before entry into the Venus 
atmosphere vith a third midcourse 
correction, which will provide 
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additional precision lor targeting of 
the Large Probe. Following this 
maneuver, the spacecraft spin axis will 
be precessed to an attitude in the 
ecliptic plane so that the medium gain 
horn can be used for communications. 
This reorientation is executed with 
both axial jets to minimize any 
velocity perturbation. The 
communications angle is =:150 degrees 
w.r.t. the spacecraft *Z axis, 
consistent with use of the horn. The 
sun angle is approximately 54 degrees 
in the new attitude. The planet 
Jupiter and the stars A1 Suhail and 
Procyon are also available for attitude 
determination. Four days of tracking 
fc 1 low to permit precise determination 
of the trajectory before release of the 
Large Probe. 

At 2-i *jys before entry the multiprobe 
will be oriented (with the axial jet 
couple) so that the Large Probe will 
enter the atmosphere at zero degree 
angle of attack. The release attitude, 
which requires a 44 degree precession, 
has a communications angle outside the 
useful range of the inedium gain horn, 
so that the aft omni is primary. The 
sun angle can vary between 24 to 37 
degrees depending on launch date. The 
planet Saturn and the stars Arcturus 
and A1 Suhail are available for 
attitude determination. Data 
collection begins immediately after the 
reorientation; confirmation of attitude 
and any required touchup nominally 
takes place within the next several 
hours so that the release sequence can 
begin. 

Immediately after Large Probe release, 
the spin axis orientation will be 
precessed to the Small Probe targeting 
attitude to once again allow use of the 
medium gain horn. The communications 
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angle changes to about 163 degrees 
while the sun angle increases to about 
48 degrees. The planet Jupiter and 
star Al Suhail are again visible. At 
E-23 days, the Multiprobe will be spun 
up to 48.5 rpa and a pulsed radial jet 
AV maneuver will be performed to effect 
a AV of 5 iii/sec to achieve the desired 
Small Probe targeting. Three days of 
tracking follow to permit precise 
determination of the trajectory before 
release of the Small Probes. 

At 20 days before entry the multiprobe 
will be oriented 'wit' the axial jet 
couple) so that the proper separation 
of tue probes on the surface of the 
planet will be provide uy the spin- 
induced centrituqal force acting 
perpendicular to the spacecraft spin 
axis. The release attitude, which 
reguires a 50 degree ^recession, has a 
communications anqle less than 150 
degrees, so that the aft omni is 
primary rather than the medium qam 
horn. The sun angle can vary between 
16 to 25 degrees depending on launch 
date. Power limitations at such low 
sun angles limit the dwell time at the 
release attitude to 4 hours. 
Consequently , the precession to the 
release attitude is done m two parts: 
An initial precession to a holding 
attitude with a 2e degree sun angle; 
and a second precession to the required 
attitude. This strategy increases the 
overall dwell time to 10 h'urs. 

Several other oenetits also result: 

The star sensor cooldown period is 
lonqer, upgrading performance at the 
release attitude; the star^ ‘1 Suhail, 
Arcturus, and Saturn are v. 1 e at the 
holding attituae, insuring a precise 
attitude determination; and the first 
part or the maneuver provides updated 
jet calibration data to use for the 
second part, a small precession of 
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about 10 degrees. After reorientation 
to the release attitude, the star A1 
Suhail is available and Arct-xrus say be 
available for attitude deteraination . 
Data collection begins immediately 
after reorientation. Confirmation of 
attitude and possibly an attitude 
touchup take place within the next two 
hours. The release sequence begins 
when the attitude and spin rate are 
judged satisfactory. 

Iaaediately after release, the spin 
axis will be precessed to an attitude 
which allows use of the medium gain 
horn and provides a son angle of 40 
degrees. The stars Al Suhail, Acrux 
One and Regulus are available for 
attitude deteraination. 

At E-18 days, the bus will be oriented 
so that a AV maneuver of 19 m/sec with 
the forward axial jet will move the 
trajectory aim point to that desired 
for bus entry and slow the arrival by 
90 ainutes so that the bus will arrive 
after impact of all prcbes on Venus. 

The required AV attitude, which 
requires a 34 degree precession, also 
has a communications angle less than 30 
degrees, so that the aft oani is 
primary- The sun angle is about 28 
degrees. The star Al Suhail is 
available for attitude determination. 
After tne continuous forward axial jet 
burn, the bus is precessed back to the 
h-20 transit attitude. The forward 
axial jet is employed for all 
precessions associated with this 
maneuver in order to take advantage of 
its retarding velocity increment. 

At E-8 days, the bus will be oriented 
to the final entry attitude so that 
angle of attack will be near zero at 
atmospheric entry. The entry attitude, 
which reguires an 18 degree precession. 
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has a com urn cat ions angle near 180 
degrees so as to take advantage of the 
aediua gain horn. The sun angle is 
about SO degrees. The planet Saturn is 
available tor attitude determination . 

At E-2 days, the bus will be despun to 
9.45 rpa in preparation for entry. 

This aaDeuver is delayed to this tine 
in the aission in order to liait the 
propagation tiae of the accelerating 
velocity increaent due to the canted 
spinup jets. A final trajectory tria 
aaneuver Bay be done, if reouired, at 
one day before entry to reduce the 
uncertainty in entry flight path angle. 
The bus nominally arrives at Venus on 
December 9, 1978 and provides the 
desired scientific sampling before its 
destruction during atmospheric entry. 


4. 1.1. 2 Attitude Profile . The spacecraft spin axis is 

the axis of maximua moment of inertia about which 
the spacecraft is spun for attitude 
stabilization. The positive spin axis is 
nominally coincident with the spacecraft *Z axis. 
In the absence of nutation, the positive spin 
axis is also coincident with the spacecraft 
angular momentum and angular velocity vectors. 
Spacecraft attitude is the direction of the 
spacecraft angular momentum vector. In the 
absence of nutation, spacecraft attitude is 
identical with spin axis attitude. With nutation 
present, spacecraft attitude represents the 
average direction of the positive spin axis. 
Attitude will be defined by the celestial 
latitude and longitude of the "average* direction 
of the positive spin axis, as shown in figure 
4. 1.1. 2-1. A detailed attitude profile expressed 
in these coordinates is discussed below. 

(a) Laun ch and Near Earth Phase . Prior to 
spacecraft separation, the Centaur will 
orient the spacecraft +2 and ♦X axes 
such that, after separation and spinup, 
spacecraft attitude will nominally be 
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parallel to the south ecliptic pole and 
the average sun look angle will be =:90 
degrees. Figure 4. 1.1 .2-2 shows that 
the Centaur orients the *Z axis to - 
78.2 degrees latitude, 0 S degrees 
longitude, and the *1 axis to *11.6 
degrees latitude and 9 S -10.6 degrees 
longitude. 8 S is the celestial 
longitude of tue sunline prior to 
separation; it varies froa 134 to 150 
degrees over the launch opportunity. 
Separation and spinup nominally 
establish spacecraft attitude (angular 
■onentun vector) at the south ecliptic 
pole. The cone of possible attitudes 
indicated in the figure reflects a 
possible attitude error of 10 degrees 
due to Centaur control, separation and 
spinup errors. Therefore, the average 
sun look angle can range between 80 and 
100 degrees. The earthline is also 
delineated in the figure with latitude 
6 E and longitude Both angles vary 

rapidly during the first two hours 
following injection. The latitude, 5 , 
then settles to -10 to -15 degrees E 
depending on launch date. The 
longitude, 0 E , becomes quasi steady at 
40 to 50 degrees as a function of 
launch date. The resulting average 
earth look angle lies between 65 and 90 
degrees . 

The spinup process generates ~2 degrees 
of residual nutation and causes a i2 
degree variation in sun and earth look 
angles as the positive spin axis cones 
around the spacecraft attitude at 
inertial nutation frequency 
(approximatley 25 percent greater than 
spin frequency). Figure ». 1.1, 2- 3 
illustrates the motions of the +2 axis 
and positive spin axis, and how the 
look angle to an inertial target will 
vary in the presence of nutation and 
spin axis tilt from the +Z axis. The 
nutation damper will damp out the ±2 


4 .1-13 



w 0 c t ion No* 

Doc. Ho. PC-403 

Orig. Issue Date 5/22/78 
Bevision Ho. 


Revision 


degree variation in look angles (<30 
ninutes tine constant at 15 rpe spin 
rate) . 

The sun sensor transfer function and 
field of view are illustrated in Piqure 
4. 1.1. 2—4. The nid -range sun sensor is 
nominally selected after spinup for 
initial observation at acquisition. 

The stars Rigel Kentaurus, Bigel, Beta 
Grus, Foaalhaot and Badar are available 
for attitude determination after 
acquisition. The touchup reor to the 
south ecliptic pole will nominally be 
based on sun and star information. An 
initial calibration of axial jet (s) 
pulsed perfornance can then be uade 
after attitude measurements at the 
cruise attitude are obtained. 

(b) Interplanetary Cruise Phase . During 
the interplanetary cruise portion of 
the nultiprobe mission, the spacecraft 
positive spin axis ( +Z. axis) will be 
Maintained within 2 degrees of the 
south ecliptic pole (except as needed 
for trajectory correction aaneuvers) . 
Therefore, the celestial latitude of 
the positive spin axis is -88 to -90 
degrees. The celestial longitude would 
be arbitrary (0 to 360 degrees) if the 
attitude were not biased to take 
advantage of the entire attitude 
deadband and ainiaize the frequency of 
attitude touchups required to 
compensate for solar torque precession. 
Attitude biasing implies that the 
difference in celestial lonqitodes of 
the sunliue and spin axis is ±90 
degrees, so that as solar torque 
precesses the spin axis around the 
sunline, the entire attitude deadband 
is utilized. 
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The Multiprobe sun look angle history 
for the cruise phase is shown in Figure 
4. 1.1. 2-5. The ♦Z axis is assumed 
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oriented to the south ecliptic pole. 

The Multiprobe earth look angle history 
for the cruise phase is shown in Figure 
4. 1.1. 2-6. Part of the attitude 
variation due to solar torque would be 
reflected in earth look angle through 
most of the cruise since the earth and 
sun lines of sight are near coincidence 
for short periods of tine only. This 
is illustrated in Figure 4. 1.1. 2-7 by 
the sun-spacecraf t-earth angle during 
cruise. 

Five stars are available for attitude 
determination and roll reference during 
cruise when the spin axis is oriented 
near the south ecliptic pole . At least 
three stars are useful at any tine. 
Bigel, Beta Grus, and Fonalhaut do not 
suffer any sun inteference throughout 
cruise. Sirius has interference during 
the initial 20 days after launch, while 
Rigel Kantaurus has interference during 
the last 30 days of cruise. 

Trajectory correction maneuvers are 
nominally executed in the south 
ecliptic polar attitude by a vector 
combination of individual axial and 
radial jet impulses. Forward and aft 
omnis are available for command 
function in the event of an anomalous 
attitude change. Two optional TCH 
methods exist which night avoid any 
propellant penalty associated with the 
vector mode, particularly during a 
large first TCH. The axial jet mode 
requires precession of the spin axis to 
the desired AV direction, continuous 
aft or forward axial jet thrust, and 
reorientation of the spin axis back to 
the south ecliptic pole. Power and 
thermal considertions require sun look 
angles between 65 and 120 degrees for 4 
hour dwell at any potential maneuver 
attitude, kith the earthline about 90 
degrees from the sunline at first TCH, 
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Jie earth look angle could range 
between 0 and 180 degrees. The 
available stars or planets are 
dependent upon the specific attitude 
required. The radial jet eode requires 
precession of the spin axis until the 
desired A'l direction lies in the radial 
jets thrust plane (i.e. f the plane that 
contains radial gets thrust vectors) , 
pulsed r dial jet pair thrust, and 
reorientation of the spin uxis back to 
the south ecliptic pole. The sun look 
angle range is 65 to 120 degrees while 
the earth look angle range is between 0 
and 180 degrees. The available stars 
again are dependent upon the specific 
attitude reguired. Both of these 
methods require precession at the cost 
of ~1 lb/69 degrees. The maximum 
weight saving associated with these 
methods for the worst case first TON AV 
magnitude and direction is =:9 pounds. 
The use of either method will depend on 
a trade-off of actual weight saving 
against operational complexity and star 
availability at the maneuver attitude. 

Encounter Phase . Pigure 4.1. 1.2-8 
summarizes the nultiprobe spin axis 
attitude history during the encounter 
phase. At E-28 days, the spacecraft 
spin axis is reoriented into the 
ecliptic plane to initiate use of the 
medium gain horn. The communications 
and sun angles w.r.t. the spacecraft ♦ Z 
axis are 151 and 54 degrees, 
respectively. The planet Jupiter and 
the stars A1 Suhail and Procyon are 
nominally visible in this attitude. 

At 24 days before entry, the Nultiprobe 
is reoriented prior to Large Probe 
release so that its spin axis is co- 
linear with the Large Probe velocity 
vector at atmospheric entry. The loci 
of requirea nultiprooe attitudes 
associated with Large Probe entry 
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points on the boundaries of tr.e regions 
o£ acceptable target points are shown 
in Figure 4.1. 1.2-9 for three launch 
dates and arrival on December 9, 197b. 
In the figure, the boundaries on 
Multiprobe attitude for viewing stars 
and planets are also shown with the 
shaded side of the boundary indicatino 
the star or planet is either not in the 
field of view or subject to sun 
interference. The fiqure indicates 
that tour stars — • Arcturus, Al Suhaxl, 
Canopus and Kequlus — aay be in the 
star sensor field of view; the planet 
Saturn will always be visible. The use 
of Arcturus as a reliable reference is 
sonevhat questionable because it is 
subject to sun interference over part 
of the attitude region of interest. 

The sun angle at release can vary 
between <4 and 37 degrees and tends to 
decrease as the launch date is delayed. 
The cos* unications angle at release can 
var between 190 and 154 degrees, and 
also tends to increase as the launch 
date is delayed. 

After Large Probe release, the spin 
axis js reoriented to the Snail Probe 
targeting attitude as illustrated in 
Figure 4. 1.1. 2-8. The connuuications 
and sun angles are 163 and 47 degrees, 
respectively. The planet Jupiter and 
star Al Suhail are nominally visible in 
this attitude. 

At 20 days before entry, the Multiprobe 
is reoriented so that proper separation 
of the Snail Probes on the surface of 
the planet will be provided by the spin 
induced centrifugal force acting 
perpendicular to the spacecraft spin 
axis. The range of required flultiprob.: 
attitudes as a function of launch dc te 
and tine of release are shown in Fiqure 
4.1.1.2-10 for arrival on 9 December 
1978. in the figure, the boundaries on 
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Hultiprobe attitude for viewing stars 
and planets are also shown. The figure 
indicates that the planet Saturn and 
star Arcuturus nay be visible; the star 
Ai Suhail will always be visible. 
Arcturus say be too close to the region 
of sun interference to provide a 
reliable reference. The planet Saturn, 
while not in the field of view at nost 
Snail Probe release attitudes, does 
provide a very reliable reference for 
the saall probe bolding attitude 
discussed in 4. 1.1.1 and defined in 
Pigure 4.1.1.2-10. Arcturus is also a 
reliable reference at this attitude. 

The sun angle at release can vary 
between 16 and 29 degrees and tends to 
increase as either launch date or 
release tite is delayed. The 
conn unicat ions angle at release can 
vary between 14b and 152 degrees and 
tends to increase as the release tine 
is delayed. 

After release of the Snail Probes, the 
spin axis is reoriented back toward the 
ecliptic as shown in Pigure 4.1. 1.2-8. 
The coniunications and sun angles are 
166 and 40 degrees, respectively. The 
stars Al Suhail, Acrux One and Regulus 
are nominally visible in this attitude. 

At 18 days before entry, tne Hultiprobe 
is reoriented for bus targeting as 
shown in Figure 4. 1.1. 2-8. The 
conn unicat ions and sun angles are 143 
and 28 degrees, respectively. Only the 
star Al Suhail is noainally visible in 
the bus targeting attitude. The 
Hultiprobe is reoriented to the £-20 
transit attitude after the naneuver is 
completed. 

At 8 days before entry, the Hultiprobe 
is reoriented to the final entry 
attitude with angle of attack near 
zero. This attitude has a 
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cob ■ unicat ions angle near 180 degrees 
to take full advantage of the nediua 
gain horn at entry. The sun angle is 
40 degrees iaaediately after the 
aaneuver, and 52 degrees gust prior to 
entry. Only the planet Saturn is 
noainally visible in the bus entry 
attitude . 

4. 1.1. 3 Spi n Rate Profile , laaediately following 

separation froa the Centaur, the Multiprobe is 
spun up to the noainal cruise spin speed range of 
15±.5 rpa by a prestored coaaand segue nee. The 
cruise spin rate has been selected on the basis 
of several trade-offs. The cruise spin rate 
provides sufficient spin ‘•stiffness* to liait 
attitude errors and residual nutation resulting 
from subsequent aidcourse maneuvers. Thrust 
pointing error and nutation induced by a 
continuous axial jet AV maneuver (both inversely 
proportional to spin speed squared) are bounded 
at 0.6 and 2 degrees, respectively. Attitude 
change induced by a pulsed radial jet pair AV 
aaneuver (inversely proportional to spin speed) 
is bounded at 9.3 degrees- The same gyroscopic 
stiffness limits cruise attitude precession due 
to solar torque (inversely proportional to spin 
speed) to =0.1 degree/day. The spin rate is 
limited to 15 rpa during cruise to ainiaize 
propellant required for precession maneuvers 
(proportional to spin speed) vhile being 
consistent with ainiaua gyroscopic stiffness 
requirements . 

Following release of the Large Probe at the 15 
rpa spin rate, the Multiprobe is spun up to about 
48,5 rpa. This is the noainal rate corresponding 
to Small Probe release at K-20 days. The spin 
rates reguired for release at tises other than B- 
20 days vary between 40 and 60 rp» . The increase 
in spin rate contributes a total of approximately 
2.2 aeters/second useful A¥ (approximately 0-066 
aeters/second/rpa) for Small Probe targeting 
because of the significant cant of the spinup 
thrusters. 
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After Snail Probe release, the bus spin rate is 
left at the high 48.5 rpa rate until two days 
prior to entry, when the bus is ctespun to 9-45 
rpa, the desired entry spin rate- Earlier despin 
would contribute an axial AV which would 
accelerate the tiae of bus arrival- Mission 
requirements dictate a retardation of bus 
velocity to effect a 90-ninute delay in entry 
tiae with respect to Large Probe entry. 

Fiqu re 4-1. .3-1 illustrates the noainal 
Multiprooe spin rate history- The phase lock 
loop (PLL) spin ranges and spin cate detector 
limits are also shown in the figure- Since the 
acceptable spin rates tor Large Probe entry. 

Snail Probes deployaent, and bus entry are well 
defined, the only spin rate option is during 
cruise- A spin rate higher than 15 rpa incurs 
additional weight penalty while a lower spin rate 
suffers large attitude perturbations - 

Spin speed can vary as a result of cross-coupling 
during thrusting aaneuvers and external 
disturbance torques generated during separation 
events. Spin change accruinq froa the first TCM 
is expected to be less than 4 rpa; the spin 
change resulting froa any targeting maneuver 
should be less than 1.5 rpa. Spin trias during 
cruise or encounter should be consistent with the 
noainal profile or an available option. 

Variation in the spin rate of the Multiprobe as a 
result of either Large Probe or Saall Probes 
separation is expected to be less than 0.25 rpa. 

4.1 .1.4 Maneuver Mission Profile . Table 4 -1.1. 4-1 

delineates the chronological sequence of noainal 
spin speeo, attitude and velocity aaneuvers 
during the Multiprobe aission. Each aaneuver has 
an associated row of tabulated values defining 
aaneuver aagnitude, required propellant, aaneuver 
aission tiae, noainal thruster (s) eaployed, pulse 
width selected, nuaber of pulses and execution 
tiae. Spin speed maneuvers are nominally 
executed by continuously firing a pair of radial 
jet spinup or despin thrusters. Attitude 
aaneuvers are nominally executed by pulsing the 
axial jet couple at spin frequency. Attitude 


4.1-20 



Section No. 4 .1 .1 . 4 

Doc. No. PC-403 

Oriq- Issue Date 5/22/78 

Revision No. 


Revision 


Maneuvers associated with bus targeting are 
executed with the forward axial jet to take 
advantage of the associated velocity increment. 
The Midcourse velocity Maneuvers are assumed to 
be executeu in the vector mode, and the 
magnitudes of both axial and radial AV 
corrections are assumed maximum and equal, 
corresponding to the worst case required AV 
magnitude aDd direction. The maximum available 
pulse width has been selected for the first 
radial Af midcourse corrections to limit 
execution inis — esults in negligible change 

in overall impulse efficiency. 

The Ruitiprobe is initially loaded with bO lbs of 
propellent. Figure 4. 1.1. 4-1 illustrates 
remaining propellant versus mission time. Note 
that the first midcourse consumes the most 
propellant. This maneuver is discussed further 
in Section 4.3.1. About 37 lbs of propellant are 
nominally required for all maneuvers so that 
approximately 23 lbs of propellant are available 
for calibration maneuvers and contingency 
planning. 

ill maneuvers should be executed within a sun 
Iook aspect angle range of 65 to 120 degrees in 
order to avoid any limitation in attitude dwell 
time due to thermal and power considerations. 

If, in addition, the sun aspect angle is 
maintained greater than 55 degrees, the mid-range 
sun sensor is always visible and no sensor 
switching is required. Haneuvers are nominally 
executed in sunlight so tbat the sun can always 
be employed as the spin reference pulse for the 
PLL and spin rate detector. This is particularly 
important during long continuous axial jet burns, 
since a single bit error in the jet select 
magnitude command or a logic failure could cause 
one of the spin thrusters to inadvertently fire. 
Earth look angle is unlimited when both forward 
and aft oanis are in receive mode. However, the 
forward omni should be in transmit mode for look 
angles less than 95 degrees while the aft omni 
should be in transmit mode for look angles 
qreater than 65 degrees. If an attitude maneuver 
requires crossing either barrier, prevision 
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should be wade to switch the appropriate ownx r» 
the transmit mode in ordjr to avoid loss of 
telemetry. Long, continuous burns are executed 
with both onnis in receive wode and with the omni 
having the best earth look angle in transmit 
mode ; this practice would insure telemetry 
coverage of any anomalous behavior and provide 
command capability for any immediate actions that 
■ight be required. 

During any maneuver, spin period and sun angle 
should be the selected attitude measurement 
words. After the initial spin-up maneuver at 
separation, the spin rate detector should also be 
enabled for the remainder of the mission. For 
continuous axial jet burns, the sun gate and PLL 
loss of lock are enabled so that the maneuver 
will terminate automatically when the time count 
reaches zero, the JCE output is switched off, the 
PLL loses lock or the spin rate range is 
exceeded. One of the last two conditions will 
quickly terminate the maneuver in the event a 
spin thruster is inadvertently fired. For 
continuous radial jet burns (spin maneuvers) , the 
PLL loss of lock, and suu gate are disabled to 
permit the maneuver to continue as the PLL loses 
loot and to always provide a spin reference pulse 
to the spin rate detector, respectively. 
Therefore, this type of maneuver will terminate 
when the time count reaches zero, the JCE output 
is switchea off or the spin rate range is 
exceeded. For pulsed maneuvers (precession, 
velocity or spin) , the PLL loss of lock and sun 
gate are enabled anu the same shutdown conditions 
as those for the continuous axial burns apply. 
These conditions insure accurate thrust direction 
and no erroneous spin thruster firing- However, 
a duty cycle detector enabled ODiy in pulse mode 
can also terminate the maneuver. If the duty 
cycle exceeds limits dependent on spin speed and 
thruster pulse width selection, automatic 
shutdown occurs. This feature basically limits 
any anomalous pulse widths to less than 60 
degrees of tbe spin cycle and therefore limits 
the error in the direction of applied jet 
impulse. The Quty cycle detector, which cannot 
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be disabled by ground coaaand, precludes the use 
of the 512 is pulse width above 20 rpm . 

4.1.2 Disturbances . External forces will perturb 

spacecraft attitude during the mission. Attitude 
drift due to solar pressure is discussed in 
Section 4. 1.2.1. Attitude perturbations due to 
aerodynamic forces arising during bus entry is 
presented in Section 4. 1.2. 2. Nutation can be 
induced by external forces (e.g., jet maneuvers) ; 
nutation is discussed in Section 4. 1.2. 3. Wobble 
refers to the tilt of the +Z axis relative to the 
axis of maximum aoaent of inertia; the sources 
and effects of wobble are summarized in Section 
4. 1.2.4. 

4. 1.2.1 Solar Disturbance Torque . An external torque due 
to solar pressure arises when the spacecraft 
center of pressure (c.p.) and center of mass 
(c.n.) are not coincident. The magnitude of the 
torque and therefore the attitude drift rate are 
proport i./nal to the solar pressure flux and the 
c.p. /c.n. offset. Since solar pressure is 
inversely proportional to the square of the 
distance from the sun, the precession rate of the 
Multiprobe at Venus (0.7 Au) would be about twice 
that at earth (1 Au) for a given c.p. /c.n. 
offset. During cruise, the center of pressure 
lies about 20 inches below the spacecraft center 
of eass. Figure 4. 1.2. 1-1 illustrates a timeline 
of the Multiprobe solar precession rate during 
cruise- Positive precession rate indicates that 
the c.p. is aft of the c.m. and that the 
direction of precession is given by the right- 
hand rule with the right thumb pointing from the 
sun to the spacecraft. 

The cumulative solar torque precession for the 
Multiprobe during cruise in the ecliptic normal 
attitude is about 9 degrees. Appropriate biasing 
of the attitude relative to the sunline to take 
advantages of the entire attitude deadband would 
limit the number of attitude touchups to three. 

4. 1.2. 2 Aerodynamic Disturbances . An erternal (drag) 
torque arises during bus entry when the 
spacecraft aerodynamic center of pressure and 


4.1-23 


Section No. 4. 1.2. 2 

Doc. No. PC -4 03 

Orig. Issue Date 5/22/78 
Revision Mo. 


Revision 


center of iass are not coincident. The 
approxiaate altitude at which earth 
coaauni cations can he expected to be lost is of 
interest. 

Because the bus is spinning, the surface 
configuration presented to the oncoaing gas flow 
is s/aaetncal about the spin axis. Therefore, 
the net force vector applied to the vehicle will 
always lie in a plane containing the velocity 
vector (V) and the spin axis (uJ) . The 
instantaneous torque vector and, hence the 
instantaneous aoaentua change vector, are noraal 
to the plane containing V and u. As the spin 
axis precesses in a direction noraal to the 
instantaneous ¥-u> plane, the force coaponents 
rotate in such a way that they stay in that 
plane- The resulting notion of the spin axis 
will describe a cone about the velocity vector. 

If the torque coaponents that tend to drive o> 
away froa V are larger than those that tend to 
drive then together, the flight aode is unstable 
and u3 will cone about ¥ in an ever increasing 
spiral- It the_mode is stable, uJ will spiral 
inward, toward V. The node is unstable for the 
Probe Bus. Since the earth-vector is 
approxinately 140 fron the spin axis at encounter 
and since the gain aargrn of the earth 
coaauni cat i ons antenna becomes negative at a cone 
angle of 30°, the earth coaaunicat ions will be 
lost when the spin axis spirals out to a point 
that is about 16° froa the velocity vector. 

The noainnl angle of attack is zero, which, if 
precisely true, would yield no initial 
disturbance torque and no spiral. In actuality, 
the angle of attack will not be exactly zero and 
the spiraling aotion will occur. The exact 
choice for an initial angle of attack has little 
effect on the outcoae. The rate of change of 
ataospheric density with altitude is such that 
froa 250 ka to about 120 ka the spiraling aotion 
will add only about 1 degree to the angle of 
attack no Batter what the initial angle is over a 
10-degree range. Then, when the spiral does 
begin to increase, it diverges so rapidly that 
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communications would be lost at about the same 
altitude for any initial angle of attack. 

4. 1.2. 3 Nutation . A spinning body will always tend 

towards a spin about its axis of maximum moment 
of inertia, because this is the lowest rotational 
energy state. A "pure spin" equilbrium is 
characterized by coincidence of the body spin 
(maximum inertia) axis, angular velocity vector 
and angular momentum vector. External moments 
such as those arising during jet maneuvers will 
usually perturb the "pure spin" state by 
accumulating angular velocity and angular 
momentum orthogonal to the body spin axis. 
Nutation refers to the angular motion of the 
spinning body under such a perturbation. The 
resulting nutational motion for a body whose spin 
axis is an axis of symmetry (i.e., moments of 
inertia about all axes perpendicular to the spin 
axis are equal) is illustrated in Figure 
4. 1.2. 3-1. In inertial space, the body spin axis 
is observed to cone counterclockwise around the 
angular momentum vector at the inertial nutation 
rate, w n . The latter frequency is the product of 
the spin-to-transverse moment of inertia ratio, a 
(greater than one), and the spin speed, u z . Two 
important observations can be made from study of 
the figure. The first is that with respect to a 
body-fixed observer, the angular momentum vector 
appears to cone counterclockwise around the body 
spin axis at inertial nutation frequency minus 
spin speed (i.e., body nutation frequency, 
ft = (cr-1) u> z ) , This is the frequency at which 
any dampers on the spinning body are excited. 

The second observation is that any sensor (e.g., 
sun sensor) which samples the angle between the 
spin axis and an inertial target direction once a 
spin period, will detect an amplitude modulation 
on the measured angle at the difference (body 
nutation) frequency. Thus, for example, nutation 
would generate a sinusoidal variation about the 
average value of the date type at 20 % of spin 
frequency, if a were 1.2. An attitude 
sensor/spin rate detector such as the sun sensor 
is, therefore, a useful nutation/mass properties 
sensor on a spinning body. 
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The Pioneer Venus Bultiprobe is a slightly 
asymmetrical body, i.e., moments of inertia about 
axes perpendicular to the spin axis are unegual. 
The resulting nutational notion for such a body 
is soierfhat nore cob plicated than the symmetrical 
case, as illustrated in Pigure 4.1. 2.3-2. The 
body spin axis is observed to precess 
counterclockwise around the angular momentum 
vector at a nutation angle, 8, which varies 
between 0 m in an< * ®max- The precession rate can 
still be identified as the inertial nutation 
rate, u> n , where the latter freguency is the 
product of the effective spin-to-transverse 
moment of inertia cr e (greater than one) and the 
spin speed w 2 . <r e is defined by: 




Where cr-j is the ratio of the spin to maximum 
transverse moment of inertia (Iz/Ix) , and cr 2 i s 
the ratio of the spin to minimum transverse 
moment of inertia (Iz/Iy). The nutation angle 
varies because of the tendency for the nutation 
angle to increase when the angular momentum 
vector approaches the plane defined by the axes 
of spin and maximum transverse moments of 
inertia. Since the angular moment urn vector 
appears (to a body-fixed observer) to cone about 
the body spin axis at body nutation frequency (fi e 
- (ff e -1) w z ) * approaCi. the plane of 

interest at twice this frequency. In inertial 
space, then, the spin axis SDiraxs from 0 m ^ n to 
0 max and back to 0 m ^ n at twice body natation 
frequency, while processing about the angular 
momentum vector at inertial nutation frequency. 
The ratio of the maxinun to minimum nutation 
angles is defined by: 


0 

max 

^min 
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This ratio is approximately 1-03 for the Pioneer 
Venus Sultiprobe, so that any distortion in the 
amplitude of the sinusoidal variation in sun 
angle at body nutation frequency is negligible - 

Nutation will be induced by any thrusting 
maneuver which generates a torque about the 
spacecraft center of mass that is orthogonal to 
the spin axis for a noninteger number of body 
nutation periods. After spinup, the continuous 
firing of a single axial jet is the major source 
of nutation. A thruster firing for an integer 
plus a half nutation period will develop a peak 
average nutation proportional to the transverse 
torque and inversely proportional to the spin 
rotational energy (1/2 l z w z 2 ) and (a e ~1) » 

Haximum nutation perturbation during cruise at 15 
rp'a is 2 degrees. A small nutation (<0-25 
degree) will also be induced by continuous 
firings of radial thrusters during spin trim 
maneuvers. 

Axial and radial thrusters will always be pulsed 
for a small fraction of the body nutation period. 
As a result, each pulse will induce a change in 
the nutation angle equivalent to the precession 
(angular movement of the angular momentum vector) 
per pulse. However, since the pulsing 
frequencies (spin speed and twice spin speed) are 
asynchronous with body nutation frequency, fi e , 
nutation will alternately increase and decrease. 
The maximum nutation. Op, resulting from a 
pulsing maneuver at frequency tfp which generates 
a precession per pulse, c*p, is given by: 


«P 

/ 


sm 


v 


Precession maneuvers which pulse axial jets at 
spin frequency will generate the maximum nutation 
disturbance associated with pulse maneuvers. 0 p 
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is approximately 30% greater than the precession 
per pulse. 

Nutation is daaped by eaploying onboard movable 
devices that dissipate energy associated with the 
transverse angular rates so that the principal 
axis of aaxinua aoaent of inertia can becoae 
coincident vith the angular aoaentua (constant in 
the absence of external torque) . The spin speed 
will always increase slightly during the passive 
damping process, consistent with both 
conservation ot angular aoaentua and the love. c t 
possible energy state for "pure spin". Tho 
analytical method, corroborated by aany in-orbit 
observations, for describing the converging 
character of the nutation angle is the time 
constant approximation. The basic assumption is 
that the rate of nutation angle change is 
proportional to nutation angle; the resulting 
exponential decay of nutation angle is described 
via the time constant (the reciprocal of the 
proportionality constant). Nutation dampers will 
generate different rates of decay over different 
regions of nutation angle; time constants, 
therefore, are identified with specific ranges of 
nuta tion . 

The method for onboard nutation damping is 
provided by the freon tube damper described in 
3.3. 2.6. The damping performance of this device 
is a function of spin speed, mass properties, 
temperature, and nutation angle level. Pigure 
3. 3. 2. 6-1 illustrates its performance over spin 
speed and temperature for small nutation 
angles (<1°). Table 3.3.2.b-1 defines damper 
performance for key mission events and their 
associated spin speed and nutation levels. 

4. 1.2. 4 Wobble . The spacecraft Z axis is nominally 
aligned along the axis ot maximum moment of 
inertia. In the absence of nutation, then, every 
point on the Multiprobe rotates about the Z axis. 
Uncertainties in the spacecraft alignment and 
balancing processes cause the true spin axis 
(axis of maximum moment ot inertia) to be tilted 
with respect to the spacecraft Z axis. 

Consequent) y , every point on the multiprobe 
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rotates about the tilted spin axis. This iaplies 
that the Z axis cones about the true spin axis at 
the tilt angle. Thi c notion is referred to as 
wobble deferenc: to the behavior of the despun 
EGA beat on the orbiter; the notion is nore 
properly labeled spin axis tilt on the 
Hultiprobe . 

The wobble or spin axis tilt angle is 
proportional to the spacecraft residual dynanic 
inbalance and inversely proportional to the 
d.fference between the spin and transverse 
nonents of inertia. Since the Pioneer Venus 
Hultiprobe is a slightly asynnetrical body, the 
wobble angle would be largest if the dynanic 
inbalance were located in the plane defined by 
the spin and aaxinua transverse nonents of 
inertia. The dynanic inbalance conponent due to 
each error source has been assuned to lie in *he 
worst plane in order to conservatively bound the 
total wobble angle error. The Hultiprobe is a 
variable conposite of the bus and probes. Three 
distinct configurations can be identified for 
wobble angle suanaries; nanely, the bus only, the 
bus ♦ 3 Snail Probes, and the bus * 3 Snail 
Probes • Large Probes. Therefore, any dynanic 
mbalance of the parts (bus or probes) and 
installation tolerances in their assembly will, 
in general, generate different wobble angles for 
each configuration. 

Table 4. 1.2. 4-1 lists the various uncertainty 
errors ana their contributions to the wobble 
angle of the bus only (all probes separated) . 
Residuals associated with any contributor are 
sna.il so that the total wobble angle uncertainty 
is less than 0.014 degree. There are systenatic 
error sources that are also listed in this table. 
The bus will be noninally balanced for the cruise 
configuration. Since the cap on the neutral nass 
spectroneter is noninally ejected prior to entry, 
a systenatic 0.1 degree tilt of the true spin 
axis fron the *Z axis (toward 0 ~ 160°) will be 
present during entry. Retraction of the Large 
Probe IFD connector will cause a snail additional 
tilt (*> 0.003°) the total rigid body wobole of 
the bus only configuration is 0.1 i 0.0 14 degree. 
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Table 4.1. 2.4-2 lists the various uncertainty 
errors and their contribution to the wobble angle 
of the Bus and 3 Snail Probes (Large Probe 
separated) . The residual imbalance of the bus 
(described above) contributes a wobble angle of 
0.005 degree in this configuration. An 
uncertainty of 0.005 inch in the lateral location 
of the bus center of mass is the main integration 
error, causing an additional wobble of 0.003 
degree. Uncertainty in the dynaaic imbalance of 
each Snail Probe is snail, with a wobble 
contribution of only 0.00! degree. An 
uncertainty of 0.035 inch in the station of any 
Snail Probe center of nass is the nain 
integration error, causing a wobble of 0.027 
degree per probe. There is a systematic error 
source that is also listed in this table. A 
measurable dynaaic inbalance has been allocated 
to each Snail Probe to accommodate potential 
difficulty in balancing the probes (balance 
weight/plane limitations) . Recent preliminary 
balance of two Small Probes indicates that the 
allocated wobble contribution due to this source 
is conservative. The total rigid body wobble of 
the probe bus •* 3 Small Probes configuration is 
±0.007 ±0.04b degree. 

Table 4. 1.2. 4-3 lists the various uncertainty 
errors and their contribution to the wobble angle 
of the probe bus ♦ Large Probe •» 3 Small Probes 
(cruise configuration). Hobble contributions due 
to residual bus imbalance. Small Probe imbalance 
and their integration into the Multiprobe have 
been appropriately scaled to this configuration. 
The residual imbalance of the Large Probe 
contributes a wobble angle of 0.006 degree in 
this configuration. An uncertainty of 0.032 inch 
in the lateral location of the Large Probe center 
of mass is the vain integration error, causing a 
wobble of 0.047 degree. The Large Probe is 
assumed to be nominally balanced; any difficulty 
in realizing this state can be overcome by 
laterally positioning the Large Probe on the 
Multiprobe such that the measurable center of 
mass offset coon terbalances any measurable 
product of inertia. The total rigid body wobble 
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of the probe bus ♦ Large Probe ♦ 3 Sea 11 Probes 
configuration is ±0.011 ±0.087 degree. 

There are two non-rigid parts of the spacecraft: 
naaely, hydrazine propellant and nutation daxper 
fluid, that can increase the wooble. Any spin 
axis tilt toeard one hydrazine tank would cause 
fluid to Migrate to the other tank in order to 
keep the free surface in each tank equidistant 
froa the spin axis. The result of this migration 
is to aaplify the wobble component in the plane 
containing the tanks and the 2 axis. The 
Magnitude of the amplification is dependent on 
the propellant fill fraction, difference in 
station between the systeM center of Mass and 
propellant tanks, and the difference between the 
spin and transverse nonents of inertia . Studies 
indicate that the worst case a wpl ■> f ication of 
1.85 occurs in the cruise configuration at a 
propellant fill fraction of 33%. The substantial 
difference (^30 inches) between stations of the 
system center of Mass and propellant tanks is the 
Bain contributor to the large anpli f ication . 

Rorst case anplification factors of 1.08 and 1.18 
apply to the bus only and bus *3 Ssall Probe 
configurations, respecti's'v iy- 

Si»ilarly, any spin axis tilt toward the nutation 
dawper would cause danper fluid to aove such that 
the free surface is always parallel t.o the spin 
axis. The readjustnent of dawper fluid aaplifies 
the wobble couponent in the plane containing the 
dawper and the 2 axis; the wor&. case 
awplif ication is 1.03. When both hydrazine and 
dawper fluid are present on-board, the 
displacewent of one fluid is coupled to the 
displacement of the other. Studies indicate that 
the worst case resultant awplif ication factors 
due to both fluids are 1-9, 1.22 and 1.12 for the 
bus ♦ all probes, bus * Snail Probes and bus only 
configurations. Table 4. 1.2. 4-1 indicates that 
the Maxinuw expected wobble angle for the bus 
prior to entry is 0.128 degree. Table 4.1. 2.4-2 
indicates that the naxiaun expected wobble angle 
for the bus ♦ 3 Snail Prober is 0.067 degree. In 
order to assess the total wooble angle for the 
bus * all probes, it is necessary to note that 
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any Large Probe center of mass offset toward 
propellant tanks to compensate for its measurable 
dynamic imbalance will cause propellant 
redistribution between tanks. Table 4. 1-2. 4-3 
indicates that an intentional offset of the Large 
Probe center of mass by 0.05 inch causes a wobble 
angle of 0.03 degree. After amplification, the 
maximum expected wobble angle for the bus ♦ all 
probes is 0.196 degree. 

Multiprobe wobble causes a small reduction in the 
received signal strength from the medium gain 
horn and a negligible change in the omni 
pat* arns. Nobble will also affect sun and star 
sensor alignment parameters; calibration of 
biases in these parameters due to spin axis tilt 
will be necessary in order to accurately define 
attitude. Wobble will also affect axial get 
alignment, causing equal and identical spin 
biases on the two axial jets. 

There are several times xn the mission where 
wobble has a transitory nature. AV maneuvers may 
temporarily draw propellant asymmetrically from 
one tank causing momentary wobble changes of at 
most 0.5 degree; after redistribution of 
propellant (less than 1 hour) , only the fuel 
amplification effect discussed above will be 
present. It is expected that wobble will also 
change whenever any of the probes are released. 

4.1.3 Mission Dynamics 

4.1.3. 1 Launch Vehicle Separation Spacecraft Spinu p 

Dynamics . Spacecraft separation occurs when the 
Centaur sequencer fires the two explosive bolts 
releasing the V-oand clamp wnich holds the 
spacecraft to the attach fitting. When the 
attach fitting and spacecraft ohysically 
separate, two redundant separation switches are 
activated, each independently initiating one of 
the two command memories that contains the spin- 
up sequence of commands. The spacecraft clears 
the attach fitting 2.12 seconds after separation 
(Ts*2.12 seconds), spinup jet firing follows at 
Ts+3.5 seconds, and spinup to 15 rpm is completed 
at Ts*12 2 seconds. 
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With all probes attached, the center of mass 
(c-a.) of the Multiprobe spacecraft is located 
along the 2-axis. As a consequence, the lateral 
force of each of the four separation springs 
(arising fro* the axial compression} can be 
selectively aligned to hold the deterministic 
portion of the spacecraft tip-oft rate to 0.03 
degree/second, The tip-ofi rate indicated in 
Table 4. 1.3. 1-1 is inclusive of the Centaur rate 
prior to separation, estimated at 0.7 
degree/second (RSS for pitch and yaw} . 

with the Multiprobe separated, the initial spinup 
maneuver begins at Ts*3.5 seconds. During 
spinup, the spacecraft momentum vector will be 
under the influence of deterministic torques 
perpendicular to the nominal spin direction. 

These deterministic transverse torques result 
from the independent canting of the two pairs of 
radial jets to fire through system c.t. locations 
at different times in the mission. As shown in 
Figure 3. 4. 1-3, jets R3 and H4 are aimed at the 
spacecraft c.m> location prior to Large Probe 
release to minimize precession during the nominal 
AV maneuvers. The other pair of jets (R1 and fe2) 
is aimed at the center of mass with only the 
three Small Probes attached to minimize 
precession during A? maneuvers in that phase of 
the mission. 

The radial jet pair which is not aimed at the 
current c,m. location could be used for precision 
attitude control, or as a backup attitude 
precession node. 

The transverse torque causes a deterministic 
attitude displacement of the spacecraft momentum 
vector toward the initial direction of the total 
torque, as shown in Figure 4 .1.3. 1*1. This 
dynamic phenomena can he understood by noting 
that for a body whose ratio of roll inertia to 
pitch inertia is near one (1), the principal axis 
tends to cone about the instantaneous angular 
momentum vector in inertial space at nearly the 
same rate at which the body spins about its 
principal aris. Therefore, the total torque 
everted on such a body tends to be fixed in 
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inertial space and momentum tends to accumulate 
along the initial direction of the total torque. 

The results of this analysis are seen to yield a 
momentum vector tilt of 11.8 degrees as shown in 
the review of spinup performance given in Table 
4.1. 3-1-2. k priori Knowledge of the magnitude 
ana direction of this motion enables the Centaur 
vehicle to be used to bias the spacecraft 
attitude prior to separation so that the 
deterministic effects experienced during 
separation and initial spinup will position the 
average attitude vector to a desired attitude. 

In this way, with deterministic errors combined 
with Centaur reorientation, the final attitude 
uncertainty of *0.2 degrees is seen to result 
purely from random sources. 

Since the desired average attitude vector 
pointing for the Hultiprobe spacecraft following 
spinup is in the general direction of the south 
ecliptic pole, it is, therefore, necessary only 
to position the attitude of the Centaur along a 
cone about the south pc' 1 e pointing direction 
whose half -angle is VJ .8 degrees, as is shown in 
a simplified view (Figure 4. 1.3. 1-2), looking at 
the spacecraft average attitude vector from the 
south ecliptic pole- Hith the desired roll 
orientation of the spacecraft X-axis determined 
from other requirements, the roll position of the 
Centaur (in effect, the location of the Centaur 
attitude vector along the edge of the cone) can 
be prescribed so that the momentum tilt occurring 
during the subsequent spinup maneuver will retun. 
the spacecraft to a south pole pointing 
direction- For the situation pictured m Piqure 

4. 1.3. 1- ^, with the requirement that the tilt be 
performed in the spacecraft ^-geometric 
axis/sunline plane, the Centaur must place the 
spacecraft coordinates as shown m Fiqure 

4.1. 3.1- 1 . 

4. 1.3. 2 Large Probe Separation Prom Probe Bus . The 

release of the Large Probe is scheduled to occur 
24 days prior to Venus entry with the vehicle at 
a sun angle of ^30° and spinning at 15 rpm . 


4.1-34 



Section No. 4 . 1 .3 . 3 

DOC. No. PC-403 

Orig- Issue Date 5/22/73 
Revision No- 


Revision 


The release subsystem consists of three matched 
springs located at a 22.5 inch radius around the 
base of the Large Probe. The spring 
characteristics are listed in Table 4.1 .3 -2-1- 
The springs are actuated by an explosive nut with 
redundant pressure cartridge, with a 3/8" bolt 
which is held captive after ejection. 

The only conceivable clearance problem existing 
during separation concerns potential recontact of 
the lower .lip of the aeroshell of the Large Probe 
with the forward omni-antenna- This antenna lies 
radially outboard at a distance of 38.5" fro* the 
bus centerline and extends axially to a point 
so*e 54" fro* the separation plane. The first 
bending natural frequency of the antenna is above 
30 cps, and with the vehicle spinning at 15 rpm , 
flexibility effects were not considered imDortant 
in the separation analysis. 

Horst case studies of off-nominal conditions such 
as c.g. offset, probe dynamic imbalance and 
offset, misalignment impulse and initial bus 
nutation show positive clearance when ^litial 
nutation is less than 4 degrees. (The nominal 
clearance is 10.3 inches) . A summary of Large 
Probe separation system performance is shown in 
Table 4 . 1.3. 2-2. 

4 . 1 . 3 . 3 Small Probe Separation Prom Probe Eus/Snall Probe 

Despin . The three Small Probes carriea by the 
Multiprobe are scheduled to be released 20 days 
prior to Venus entry, with the spacecraft at a 
sun angle of ~20° and with a 48.5 rpia spin rate. 

In the stowed position, the Small Probes are 
carried equidistant around the edge of the bus, 
with their centers nominally located at a radius 
of 39 inches from the geometric 2-axis of the 
bus. As shown in Pigure 4. 1.3. 3-1, each probe is 
supported by a dus mounted ring, and is held to 
the vehicle with a pre-loaded semicircular clamp 
of radius 15 inches which cups the edge of the 
probe. At one end, the clamp interfaces with the 
bus mounted ring with an open hinged tang, while 
the t-xolosive nut/bolt release assembly is 
located at the other end. 
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The explosive nut/bolt interface also houses a 
spring which provides energy to accelerate the 
cla»p away fro* the probe during separation. The 
open hin -e at the other end is aachined so that 
the cla»p will separate fro* the bus after it has 
rotated sufficiently (approximately 90<>) to clear 
the emerging probe. 

The release spring has been chosen to iapart a 
relative velocity of 540°/sec to the cla»p at 
relaxation to provide sufficient radial clearance 
between the prooe and clasp, and the clamp is 
preloaded to 1200 lbs. to withstand centrifugal 
forces acting on the probe in the spin 
environment. Other release systea 
characteristics are outlined in Table 4. 1.3. 3-1. 

At the separation event, the probe is under the 
influence of the centrifugal forces and also an 
ispulsive type force due to the release of energy 
stored in pre-loading the cla*D. As the probe 
■oves fro* the bus, it follows a trajectory 
closely approximating an involute, as shown in 
Figure 4. 1.3. 3-2. 

Potential recontact, of two structures which 
protrude downward fro* the Small Probe, the 
SNPR/SAS housinq, and the ocni-antenna radoae, 
are of primary concern. The noainal clearance 
values for these structures, and the clearance 
geoietry for both the radial and axial planes is 
shown in Figure 4.1.3.J-2. To provide for 
additional clearance the upper surface of the bus 
structure has been cut out, as shown in these 
figures. 

The saxiaum radial and axial clearance losses 
recorded in analytical studies of the separation 
are given in Table 4 .1.3 .3-2 which indicates that 
there will be no clearance proble* . The 
performance of the separation subsystem as 
pertaining to AV targeting biases and post 
separation attitudes is given in Table 
4. 1.3. 3-3. 
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TABLE 4. 1.1. 4-1 

MULTIPROBE MANEUVER PROFILE 


NOTES: 

S = 

Time of Separation 

A = Axial Jet 


L = 

Time of Launch 

R = Radial Jet 


E = 

Time of Encounter 

+ = Spln-Up 


★ - 

Two Part Maneuver 



Mission Phase | 





(Cross-Coupling Errors Treater 









Maneuver Description 

In 4.3.1) Nominal Maneuver: 

Prop. 

Mission 




Pulse 


Execution 

AV 

AP 

A 

Req. 

Time 




Width 

No. of 

Time 


M/Sec 

Deg. 

RPM 

Lbs, 

(Days) 

Thruster 

(Msec) 

Pulses 

(A Hours) 

Initial Spin-up 

0,69 

11.6 

+15.0 

1.64 

s 

R1 

• 

R3 


- 

0. 032 

First Midcourse Rad AV 

12 

- 

- 

11.27 

L+5 

R3 

# 

R4 

512 

1813 

2.01 

First Midcourse Ax. AV 

12 

- 

- 

9. 93 

L+5 

A5 

+ 

A6 

- 

- 

0. 547 

Second Midcourse Rad AV 

0.7 

- 

- 

0.63 

L+20 

R3 

• 

R4 

128 

444 

0.493 

Second Midcourse Ax. AV 

0.7 

- 

- 

0.57 

L+20 

A5 

+ 

A6 

- 

- 

0. 032 

Third TCM Radial AV 

0.1 

- 

- 

0.09 

E-28 

R3 

* 

34 

128 

63 

0.070 

Third TCM Axial AV 

0.1 

- 

- 

0.08 

E-28 

A5 

+ 

A 6 

- 

- 

0. 005 

End Fire Reorientation 

- 

90 

- 

1.3 

E-28 

A5 

• 

A6 

128 

935 

1.039 

Large Probe Reorient. 

- 

44 

- 

0. 64 

E-24 

A5 

• 

A6 

128 

457 

0. 508 

End Fire Reorientation 

- 

48 

- 

0.64 

E-24 

A5 

• 

A6 

128 

462 

0.513 

Small Probe Spln-Up 

2,24 

- 

+33.5 

2.93 

E-23 

R1 

• 

R3 

- 

- 

0.087 

Small Probe Target (Rad. ) 

4.0 

- 

- 

2.34 

E-23 

R1 

• 

R2 

128 

1779 

0. 611 

Small Probe Sep. Reor. * 

- 

49.7 

- 

2. 17 

E-20 

A5 

• 

A6 

128 

1724 

0. 592 

End Fire Reorientation 

- 

31.5 

- 

0. 61 

E-20 

A5 

• 

A6 

128 

488 

0.168 

Bus Target. Reor. 

2.15 

33.8 

- 

0.63 

E-18 

A5 



128 

1003 

0.345 

Bus Target. (Axial) 

15.0 

- 

- 

3.9 

E-18 

A5 



- 

- 

0. 257 

End Fire Reorientation 

2.17 

33. 8 

- 

0.63 

E-18 

A5 



128 

1078 

0.370 

Reor for Bus Entry 

1.27 

18 

- 

0.37 

E-8 

A5 



128 

629 

0.216 

Bus Spin- Down 

)2 

! 

-38.5 

i 

1. 66 

E-8 

R2 


R4 



0.051 
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TABLE 4.1.2. 4-1 

MULTIPROBE WOBBLE ANGLE SUMMARY I 
(BUS ONLY) 


Contributor 

Wobble Angle 
(Deg) 

UNCERTAINTY ERRORS 


1. Alignment to Spin Balance Machine 

+0.006 

2. Spin Balance Machine Residual 

+0.001 

3. Propellant Tank /Lines Residuals 

+0.003 

4. Battery Pack Changeouts 

+0. 008 

5. Thermal Distortion 

+0.01 

RSS Uncertainty 

+0. 014 

MEASURABLE ERRORS 


1. Large Probe IFD Connector 

0.003 

(Retracted at Separation) 


2. BNMS Cap (Ejected Prior to Bus Entry) 

0.104 

Total Rigid Body Wobble 

0.1 +0.014 

Worst Case Amplification Factor 

1. 12 

Maximum Expected Wobble Angle 

0. 128 
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TABLE 4. 1.2. 4-2 

MULTIPROBE WOBBLE ANGLE SUMMARY II 
(BUS + 3 SMALL PROBES) 


Contributor 

Wobble Angle 
(Deg) 

UNCERTAINTY ERRORS 


A. Bus 


e Residual Bus Imbalance 

+0.005 

e Integration of Bus In Multiprobe 

+0.003 

B. Small Probe 


e Residual Small Probe Imbalance 

Per J +0.001 

• Integration of Small Probe in 

Proti >±°- 027 

Multiprobe 


RSS Uncertainty 

+0. 048 

MEASURABLE ERRORS 


Allowable Small Probe Dynamic Imbalance 

Per { .... 

Small P' 004 


Probe ' 

Total Rigid Body Wobble 

0.007 +0.048 

Worst Case Amplification Factoi 

1.22 

Maximum Expected Wobble Angle 

0.067 
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TABLE 4. 1. 2. 4-3 

MULTIPROBE WOBBLE ANGLE SUMMARY III 
(BUS + LARGE PROBE + 3 SMALL PROBES) 


Contributor 

Wobble Angle 
(£££] 

UNCERTAINTY ERRORS 
A. Bus 

• Residual Bus Imbalance 


+0.008 

• Integration of Bus In Multiprobe 


+0.009 

B. Large Probe 



• Residual Large Probe Imbalance 


jO. 006 

• Integration of Large Probe In 


+0. 047 

Multiprobe 



C. Small Probe 



• Residual Small Probe Imbalance 

Per 

+0. 001 
~ 

• Integration of Small Probe in 

Small < 
Prc be 

1 +0.041 

Multiprobe 
RSS Uncertainty 

+0.087 

MEASURABLE ERRORS 

Per ( 

[ 

Allowable Small Probe Dynamic Imbalance 

Small 

l +0. 006 

Total Rigid Body Wobble 

Probe ' 

0.011 +0.087 

Propellant Redistribution Due to Large Probe 


+0.03 

Center of Mass Offset of 0.05 Inch 
Worst Case Amplification Factor 


1.9 

Maximum Expected Wobble Angle 


0. 196 
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TABLE A. 1.3. 1-1 

CBNTAOB BB0BIEBT1TI0N BBQDIBEBBRT FOB BDLTIPBOBB 



CBLBSTIAL 

LATTITODB 

(DBGBBBS) 

CELESTIAL 

LONGITODE 

{DEGREES) 

Spacecraft 2 -iris 

-78. 2* 

*s 

Direction 



Spacecraft X-lxis 

♦11.6* 

•g -10.6® 

Direction 




8 S - Desired celestial longitude for spacecraft 
I-axis 
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TABLE 4. 1.3. 1-2 

MULTIPROBE SPIN** OP PERFORMANCE SUMMARY 


RESIDUAL ! 
NUTATION I 
AT END Of! 
i ATTITODE ERROR j MANEUVER 


ERROR SOURCE 

(DEG) 

(DEG) | 

(— — — — — — — — - 

1. TRANSVERSE TORQUE 

11.8 

r 

1.9 | 

(DETERMINISTIC, 19* 


1 

OF SPIN TORQUB) 


1 

I 

I 

2. TIP-OPP RATE (RANDOM, 

9 \ 

• 

00 

1 

0 .4 

0 .72°/SEC) 



RESULTANT* 

! | 

d.9 

1 

2.0 

3. ATTITUDE UNCF.RTAINITY OP 

5.0 

— — — | 

CENTAUR 


1 

1 

TOTAL 

10.2 

1 

2.0 j 


J 


—I 


• DETERlil HISTIC ATTITUDE ERROR CANCELLED BY CENTAUR 
REORIENTATION AND ROLL CONTkOL . 
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TABLE 4-1. 3.2-1 

w A RATION SPRING CHARACTERISTICS 




FREE HEIGHT 

5.2 INCH 

COMPRESSED HEIGHT 

3.2 INCH 

SPRING BATE 

125 LB ./IN. 

COMPRESSED SPRING FORCE 

250 ±3 LB. 

STROKE 

1.1 ±.03 IN. 

BOMBER OF SPRINGS 

3 
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TABU 4. 1.3 .2-2 

LARGE PROBE SEPA RATIO! SY5TBB PERFORMANCE 


• SEPARATION VBLOCITI -2-5 FT/SEC (SPIN RATE 15 BPH) 

• TINE TO CLEAR OBNI ~1.8 SBC (BAX MUTATION PRIOR TO 
SEPARATION < 4 DEGREE) 

• MAX ANGLE OF ATTACK ERROR -4.8 DEGREE 



DEGREES | 

ANGLE OF ATTACK 
ERROR SOURCE 

ATTITUDE 

ERROR 

(ANGULAR 

HOBENTUB) 

XZX2S83IC&W 

j 

NOTATION 

(PRINCIPAL 

AXIS) 

SSE=X2»SEr 

NOBBLE 

(GEOMETRICAL 

AXIS) 

BOS ATTITUDE 
UNCERTAINTY 

2.00 

0.10 

17 

LARGE PROBE DYNAMIC 
IMBALANCE (1.25*) 
(1-250) 

! 0.30 

i 

1 

0.95 

1 

| 

i 

| 

1.25 

! 

SEPARATION TIPOFF 
(20/SEC) 

1 

0.93 

0.93 

i 0.00 

1 

ass 

1 2.23 

1 

1 

1.33 

i 1.26 

1 
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TABLE 4. 1 . 3. 3-1 

SMALL PROBE SEPARATION SUBSYSTEM CHARACTERISTICS 


SPINNING RATE 100 +5 lb/ln 

COMPRESSED SPRING 86 lb. 

FORCE 

STROKE 0. b6 In. 


NOMINAL SPIN RATL 

NOMINAL PROBE VEIOCITY 

SPRING RELE ''lSE TIME 

ROTATIONAL VELOCITY OF 
CLAMP AT END OF SPRING 
STROKE 

CLAMP RELEASE TIME 

CLAMP ROTATIONAL RATE 
AT TIME OF RELEASE 


(RPM) 

48.5 

(MET ERS/SEC) 

5.0 

(MILLISECONDS) 

6, 0 

(DEG/SEO 

538.3 

(MILLISECONDS) 

141.0 

(DEG/SFC) 

1073.1 


TABLE 4. 1. 3. 3-2 
SMALL PROBE CLFARANCE 






91r-l 




\ 


% 


o 

0 





TABLE i. 1.3. 3-3 

SMALL PROBE SEPARATION AND DESPIN SUBSYSTEM PERFORM NCE 





Degrees 


(M/Sec) 

Degrees 

Description 



1 


Max. Angle 

Out- of- 


In- Plane 


Spin Speed 

Attitude 

Nutation 

Wobble 

of Attack 

Plane 

In- Plane 

AV 


(RPM) 

Error 



Error 

AV 

AV 

Direction 

After Separation/Before 

43. 5 

3.3 

2.2 

1.25 

7.25 

0. 18 

0.1 

1.1 

Despin 








j After Despin 

12. 1 

4.8 

7.4 

1.25 

13.5 




NOTE: • Error Sources include Probe location, Mass, Dynamic Balar 
Uncertainty . 

e, Release Time, Tip-off, Bus Attitude and Targeting 


• Maximum Allowance Entry Angle of Attack. 
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Figure 4. 1.1. 2-1. Representation Of Multiprobe 

Attitude 


8.1-48 




if: 


•w*m 


,•* •« 



Station Bo- 4.1.3.-3 

Doc. Bo. PC -403 

Orig. Issm Da to 5/22/78 
Bov is ion Bo. 


ItfisiOB 


t 

SOUTH ECLIPTIC POLE 



4.1-49 


Section No. 4 . 1.3.3 

Doc. No. PC -403 

Grig. Issue Date 5/22/78 
Revision No. 


Revision 


P _ 

(TRUE SPIN AXIS) H 

(ANGULAR MOMENTUM VECTOR) 



F'GURE 4 112 3 MOTION OF S'C + Z AXIS AND SPIN AXIS IN THE PRESENCE OF 
NUTATION. INCLUDING EFFECT OF SPIN AXIS TILT FROM THE S/C +7 AXIS 
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FIGURE 4.1. 1.2-4 SUN SENSOR TRANSFER FUNCTION 
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ARRIVAL DATE: DEC. 9, 1978 



Figure 4. 1. 1. 2-7. Earth -Multiprobe -Sun Angle During 

Interplanetary Cruise 
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FIGURE 4 112-8 MULTIPROBE SPIN AXIS ATTITUDE HISTORY DURING ENCOUNTER 
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205 210 215 220 225 230 235 

CELESTIAL longitude, degrees 

FIGURE 4.1, 1.2-9 BUS ATTITUDE AT LARGE PROBE RELEASE - ARRIVE 
9 DECEMBER 1978 
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v'ELESTIAL LONGITUDE, DEGREES 

FIGURE 4.1 .1 .2*10. BUS AfTITUDE AT SMALL PROBE RELEASE - ARRIVE 
9 DECEMBER 1978 
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FIGURE 4.13 12 SIMPLIFIED VIEW OF MUL T IPROBE REORIENTaT'ON MANEUVER 
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FIGURE 4.1 .3 3 1 . SMmLL PROBE SEPARATION 


Section No. 4 ,1.3.3 

Doc. No. PC -403 

Orig. Issue Date 5/22/78 
Revision No. 





Section So. 4.2 

Doc • Mo. PC-403 

Orig. Issue Date 5/22/78 
Revision Bo. 


Revision 


{ 4.2 KEY MISSION EVENTS 

t 

f The step-by-step sequence of actions lor each of 

f several Key mission events is described below. 

f 4.2.1 separation and Initial Spinup 

4. 2. 1.1 Introduction . Multiprobe spacecraft separation 
from the Centaur launch vehicle occurs at a zero 
spin rate and out of view of ground stations with 
command capability. Depending on launch date and 
tiae f ground station (s) becoae visible anywhere 
between 20 minutes and 4 hours after launch. To 
achieve attitude stability and prevent tumbling* 
spacecraft spinup must be accoaplished as soon as 
possible after separation; much before initial 
ground station acquisition. 

Multiprobe spacecraft spinup is effected with 
simultaneous use of the spacecraft stored command 
processors. The spinup sequence of commands is 
loaded into the command memories prior to launch, 
and initiated upon spacecraft/Centaur separation. 
The t *o spinup thrusters are fired to effect a 
ib.O i pa spin rate and the spacecraft is then 
conficurei for initial ground station 
^cgcisiticn, all via stored command. Centaur 
rcor icntat Ion requirements and Centaur/Multiprobe 
separation dynamics are presented in Section 4.1 
of this document. 

4. 2. 1.2 Command Memory loading and Verification . The two 
Multiprobe command memories will be loaded with 
their respective spinup command seguences about 
three hours prior to liftoff. This corresponds 
to the beginning of the standard 60-minute built- 
in hold in the countdown. Both memories will 
have their contents verified after loading. A 
final verification will be made approximately 15 
minutes before liftoff, after the spacecraft has 
been switched to internal power. (Switching from 
external power to internal power does not affect 
the contents of either command memory) . Detailed 
procedures for loading and verifying the command 
memories are delineated in Section 3.6 .3.2 of 
this document. 
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4 .2. 1.3 Spacecraft SnbsYstea Launch Configuration . At 

liftoff, the Multiprobe subsystems will be 
configured in the following operational status 
■odes as listed in Table 4.2.1 .3-1. 

4 .2. 1-4 Command Memory Initialization . At liftoff the 
Stored Command Logic (SCL) 1 and 2 are in the 
"Arm Separation Switch'* state. Upon closure of 
the spacecraf t/attach fitting separation switches 
at separation, the SCL states switch to 
"immediate start" (initiation of the stored 
command sequences). Pigure 4. 2. 1.--1 depicts the 
functional spinup sequence implementation. One 
contact of each separation switch shorts its 
respective ADP "ON" command to ground while the 
switch is in the launch contiguration. Each 
switch prohibits its respective command processor 
from executing the spinup sequence prior to 
separation, and circumvents a mission 
catastrophic failure due to a possible sinqle 
point failure in the SCL. This failure causes a 
change of state in the SCL; e.q., "arm" to "run". 
(See Section 3. 6 .3. 2 for further delineation of 
this failure mode) . Separation Switches 1 and 2 
inhibit ADP 1 ON and ADP 2 ON (ADP 19 via COM 
assignment 5D28 and ADPB9 via COM assignment 
D 3 1 ) , respectively- ADPs 1 and 2 may still be 
commanded ON prior to launch via commands ADPA9 
and ADP2S (via COM assignments 6D28 and 5D31), 
respectively. The stored sequences will only 
send ADP 1 commands via COM 5, and ADP 2 commands 
via COM 6. 


4. 2- 1.5 Stored Command Sequence . Table 4. 2.1. 5-1 

presents the detailed segueuce of commands stored 
in each SCP alonq with time of execution relative 
to separation. Reasons for time delays, etc., 
are given in the "comments" column of the Table. 

4 .2.1.6 Spacecraft Subsystem Acquisition Configuration . 

The spacecraft configuration at initial ground 
station acquisition is shown in Table 4. 2.1. 6-1. 

4.2.2 Large Probe Separation 

4. 2. 2.1 General „ This phase of the mission encompasses 

all of -he events from reconfiguring the S/C for 


) ' 
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the Snail Probes' stable oscillators "bakeout” 
period (nominally at E-45 days) through release 
of the Large Probe (nominally at E-24 days) . 

The overall timeline of ti»e-tagged ‘-vents is 
shown in Table 4. 2 .2-1, the detailed flight 
seguence of commands and verifying telemetry are 
shown in Table 4. 2 .2 -2, and the references are 
listed in Table 4. 2. 2-3. 

The starting anu interia configurations, 
including earth l.o.s. and sun l.o.s., are shown 
in Table 2. 3 .1-1. 

Huch of the information is based also on 
References: Paragraphs 1.5.6 and 1.5.34. 

4.2.3 Small Probe Targeting and Separation 

4. 2. 3.1 General . This phase of the mission encompasses 
all of the events occurring immediately after 
Large Probe Separation (nominally at E-24 days) 
through release of the Small Probes (nominally at 
E-20 days) . 

The overall timeline of time-tagged events is 
shown in Table 4. 2. 3-1, the detailed flight 
seguence of commands and verifying telemetry are 
shown in Table 4. 2. 3-2, and the references are 
listed in Table 4. 2. 2-3. 

The starting and interim configurations, 
including earth l.o.s. and sun l.o.s. are shown 
in Table 2. 3. 1-1. 

nuch of the information is based also on 
Reference 1.5.6. 

4 .2 .4 Bus Targeting 

4. 2 .4.1 Introduction . The Bus targeting maneuver is 
reguired to move the trajectory aim point and to 
delay the time of Bus entry until after all 
probes have impacted the surface to provide a 
radio signal reference for analysis of probe 
trajectories within the atmosphere. The Bus 
targeting segment of the Kultiprobe mission 
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consists of three separate Maneuvers. At E-18 
days, a £V maneuver totaling 19.2 m/sec maximum, 
will be performed to move the trajectory aim 
point to that desired for Bus entry and retard 
Bus arrival. 

At E-8 days a Bus targeting touchup w: ; 11 be 
performed (if necessary) and the Bus will be 
oriented to the final entry attitude. At B-2 
days a despm from *8. 5 rpm to 9.45 rpa, the 
entry spin rate, and a final attitude touchup 
will be performed. This section describes the 
entire Bus targeting sequence of events from post 
Small Probe release at E-20 days until final 
despm at E-2 days as chronologically listed in 
Table 4. 2. 4-1. The history of Bus attitude 
during this mission segment is shown in the polar 
hemispherical plot presented in Section 4.1. 1.2. 
The bus entry mission segment, from E-2 days 
until entry, is presented in Section 4.2.5 of 
this document. 

4 .2 -4 .2 Cruise Attitude Prom Small Probes Release . 

Immediately after Small Prone release at E-20 
days the spacecraft transmitter will be returned 
to low power mode, and the spacecraft spin axis 
will be precessea to an attitude which permits 
use of the medium gain norn antenna and provides 
a minimum spacecraft sun angle of 40®. The Bus 
cruise attitude after Small Probe release is 
selected to satisfy communications and thermal 
constraints. For cruise or "non-critical” 
mission periods, only the DSN 2b meter network is 
available for spacecraft coveraqe. To effect a 
26-meter net downlink for the communications 
distances encountered in this latter Dhase of the 
flultiprobe mission, the medium gain horn antenna 
must be employed. Since its effective Leamwidth 
is a halt-cone angle of 30° aligned with the 
spacecraft negative Z-axis, an earth 
communications angle of at least 150® measured 
w.r.t. the spacecraft +Z axis must be maintained. 
At the same time, spacecraft sun aspect angle 
must be maintained greater than 40®. This is to 
preclude Bus thermal problems (see section 3.2.3) 
as well as provide adequate solar panel power 
margin (see sect ion 3. 8. 3. 9). The celestial 
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attitude for the bus positive z-axis which 
satisfies both of these constraints while at the 
sane tiae minimizing hydrazine propellant 
consumption is a celestial latitude of -6.0° and 
celestial longitude of 204.0°. 

During this cruise phase, the Bus subsysteas will 
be configured in the operational status nodes as 
listed in Table 4. 2. 4-2. 

4.2.4. 3 Targeting Beguireaents . The Bus is to be 

targeted to a point within the region of entry 
locations as shown in Pigure 4. 2. 4 .3-1 for entry 
flight path angles (PPA) of -7°, -8° or -9°. 
Scientific preferences are to guarantee descent 
to a specified niniaua altitude (125 ka) while 
ainiaizing the rate of descent to this altitude. 
To satisfy both of these preferences the 
targeting of the Bus would be chosen so as to 
have the entry PPA as close to the skipout 
boundary as would be peraitted by navigational 
uncertainties. The vicinity of the skipout 
boundary for a typical trajectory is between PPAs 
-7° and -8°. In addition. Bus entry is to be 
retarded to occur at least 60 ainutes after entry 
of the last prcbe vehicle. These two 
requirements are Bet by effecting a Bus AV 
targeting maneuver with direction and magnitude 
as shown in Figures 4. 2. 4. 3-2 and 4. 2. 4. 3-3, 
respectively. Note the dependence on launch and 
arrival dates for the aV aagnitude and direction. 

4.2 .4 .4 Precession /Targeting Maneuver . It is desirable 

to perform the Bus targeting maneuver as soon as 
possible after Saall Probe release in order to 
conserve propellant. The closer to Venus, the 
acre propellant required to effect the sane 
targeting/retardrtion. A nominal 48-hour period 
is allocated after Saall Probe release to allow 
for tracking data assimilation and recharging of 
the Bus batteries. Hence, the selection of E-18 
days for the nominal execution of the Bus 
targeting maneuver. 

Since the required aV maneuver is one to effect 
retardation of the Bus approaching Venus, the 
nominal aethod of delivery will be t p re cess the 
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Bus spin axis to the required attitude and 
deliver the AV aagnitude with a continuous burn 
of the forward axial thruster. Also, the forward 
axial thruster will be used alone in the pulsed 
•ode in processing to the targeting attitude and 
returning to the sane cruise attitude after 
delivering the continuous AV burn. The two 
precessions ( t 18 ninutes each) are each 
approximately 30® to 35° in aagnitude (depending 
on launch and arrival dates) . By executing the 
precessions with the forward axiax thruster alone 
as opposed to using the dual axial thr ister node 
(optional node) , a utilizable a V component of 
about 2 m/s ec (each precession) can be realized. 
The aV components produced by the precessions 
will slightly change the attitude from Pigure 
4. 2.4. 3-2 at which the Bus must deliver the 
continuous-bura AV . Similarly, the magnitude of 
the continuous -burn AV will be reduced 
significantly (approximately 4 m/sec) from that 
shown in Pigure 4. 2. 4. 3-3. 


Prior to precessinq to the Bus targeting 
attitude, an attitude determination will be 
performed. The details of this operation are 
presented in Section 4.3.2 ("Attitude 
Determination") of this document. Once the 
cruise attitude and spin rate have been 
determined, the precise precession maneuver 
parameters required such as ACS angle delay, 
pulse width, and number of pulses can be 


determined. The Bus targeti- 
anticipated will preclude u 
born antenna. As such, tin 
the nigh RF power mode lili ■* 
commands li^ced in Table 4.. -*1 

transmitted just prior to the pr 
uplink and downlink have been <■ 
64-«eter DSS station the prece, 
commence accor fling to the segue. 
4. 2. 4-1. 


ttitude that is 
<-ne medi im gain 
• mni antenna and 

,-li-r ,{) by the 

. * . h cill be 
on . Once 
-.hed on the 
.... neuver will 
of Tibia 


Once at this nominal Bus targeting attitude, 
spacecraft sun aspect angle and earth 
(communication) lock angle will be in the ranges 
of 24® to 35° ar.d 138° to 148®, respectively. 

The spread in ranges is due to the variations in 
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launch and arrival d u tes as veil as Bus entry 
location paraaeters. Either one or both of the 
stars A1 Suhail and Arcturus are within the star 
sensor FOV tor the entire range of Bus targeting 
attitudes. This will provide adequate attitude 
measurements for an attitude determination 
* operation as presented in Section 4.3.2 of this 

document . 

For ar”T -■* imately four hours at the Bus targeting 
attvtoue, * Bus subsytems will be configured in 
the operatic.*,-. 1 modes and configurations as 
li ste in l'<? hi <-> 4. 2. 4-2. The continuous forward 
axial AV maneuver is performed according to the 
detailed s» ^uer.ce presented in Section 4.3 1.2. 
Following the continuous AV maneuver the Bus will 
be reoriented b;ck to the post-Small Probe 
release .it * . ..ude presented m Section 4. 2. 4. 2. 

DSiJ station coverage will return to the 26-aeter 
network after the Bus downlink is switched to the 
medium gain horn antenna according to Table 
4 .2.4-1 . 

Battery discharge current must be monitored 
during the entire bus targeting maneuver detailed 
above to limit excessive levels of battery DOD. 
Depending on the sun angle at the cargeting 
attitude and accumulated solar panel degradation 
up to this portion of the mission, battery 
discharge current may vary anywhere between zero 
and 1.7 amps. 

The above outlined nominal pi ecession/targeting 
maneuver is predicated upon the exclusive use of 
the forward axial thruster. In the event the 
forward axial thruster cann t be used, one of two 
optional modes of performing the precession and 
AV maneuvers may be used. These optional modes 
are: 

(a) Precesr the spacecraft *Z axis (with 
tne aft axial thruster in the ;•* '.sed 
■ode) to an attitude 180° opposite the 
nominal Bus targeting attitude given 
above, and deliver the required AV with 
a continuous burn oi the aft axial 


4.2-7 



Section No- 4 « 2.4.5 

Doc. No. PC -4 03 

Orig. Issue Date 5/22/78 
Revision No. __ _________ 

Revision 


thruster. Reorient the spacecraft, back 
to the cruise attitude. 

(b) Prece^s the spacecraft to an attitude 
with tue "post-small-probe-release* 
radial thruster pairs* ( R 1 and R2) line 
of thrust parallel to the direction of 
the required av. Deliver the AV 
magnitude required by using R1 and R2 
in the pulse pair mode. Reorieat the 
spacecrait back to the cruise attitude. 
Use of the radial pair R3 and R4 for 
this optional maneuver would result in 
a significant unwanted attitude 
precession since RJ and R4 are aligned 
tnrougn the spacecraft cruise center of 
gravity. 

Either o! the two optional modes listed 
above require about 5.5 to 6.0 pounds 
more propeilant to execute than the 
n. r.inal forward axial mode previously 
presented. In addition, the maneuvers 
detailed in alternate modes 1 and 2 
required about 2 and 2.5 hours longer 
to execute tnan the nominal forward 
axial mode. 

4 .2.4.5 Cr uise to E-8 D ays. The cruise attitude 

(celestial latitude -6.0° and celestial longitude 
^04.0°) is again chosen lor f he same reasons as 
delineat-d in Section 4.2.4./;. The Bus subsystems 
will be configured in the operational status 
modes as listed m Table 4. 2. 4-2. This cruise 
attitude is maintained until E-8 days for two 
reasons; 1) this duration al]ows for ten days of 
undisturbed tracking data assimila* ton , and 2) 
beginning after L-8 days the Bus may le 
reoriented to the Bus entry attitude without 
^dating the minimum 40® sun angle st.ead y-state 
thermal requirement. 

4. 2. 4 .6 Targeting Touchup/Reor to , T >.ry Attitude . Ac E-8 
days a targeting touchup will be performed, if 
necessary, based on the previous ten days of 
undisturbed tracking in the prevailing cruise 
attitude. A precession t.> the Bus entry attitude 


4 .2-8 



Section Mo- 4 -2-4. 7 

Doc- No- PC-403 

Orig. Issue Date 5/22/78 
Revision No. ___________ 


Revision 


will be performed with trins and touch ups (if 
n ~essary) in the sequence detailed in Table 
4 -2-4-1 » Spacecraft attitudes for Bus entry 
spacecraft for the full range of launch dates, 
arrival dates, and entry flight path angles are 
depicted in Figures 4. 2. 4. 6-1 and 4 .2.4. 6 -2. 
Subsystem operating nodes and configurations are 
listed in Table 4. 2. 4-2. 

Despin (2-2 Days) . At E-2 days the Bus will be 
despun fro a 48. b rpm, the noninal Snail Probe 
release spin rate, to 9.45 ±0.1 rpm, the desired 
Bus entry spin rate. Despin will be effected in 
the sequence detailed in Section 4. 3. 1.3. Pinal 
despin is delayed until tnis point because the 
radial despin jet thrusters are significantly 
canted towards aft and cause a +Z axis AV 
component which is opposite in direction than the 
desired retarding AV aaneuver performed for Bus 
targeting. Delaying final despin beyond E-2 days 
will interfere with preparations for the Bus 
entry phase as delineated in Section 4. 2-5- 
Despin at £-18 days would require approximately 
an additional 3 a/sec forward axial continuous 
burn; or roughly a 1.0 pound propellant penalty. 
Subsystea operating nodes and configurations are 
as listed in Table 4. 2. 4 -2. 

Bus Entry . The purpose of this section is to 
describe the Bus spacecraft mission operating 
sequence froi two days before entry (just after 
final spacecraft despin to 9.45 rpm) to final 
burnup in the Venusian atmosphere. This entire 
coaaand/event sequence is delineated in Table 
4. 2. 5-1. 

Following final spacecraft despin to 9.45 ±0-1 
rpm at E-48 hours as described in Section 
4.2. 4. 7, final attitude and spin rate tria 
maneuvers will be planned and performed. 

Attitude and spin rate determinations are 
performed as shown in Table 4 .2.5-1. The 
appropriate trim maneuvers, if required, are then 
calculated and executed. These will be the final 
maneuvers of the Bus mission. Two hours after 
the final maneuver, the BNBS scientific 
instrument calibration gas pyro and tl.o breakoff. 
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hat (cover) pyro will be fired. The two-hour 
tise periou is to allow for all final outgassing 
to occur which sight contasinate the experiment. 

During the two-hours "wait** period described 
above, the spacecraft coma and processor cossand 
sesories are loaded with the backup spacecraft 
configuration command sequence (timed to execute 
at E-4 hours) and the final entry cossand 
sequence (timed to execute near E s 0) . The Bus 
entry stored cossand sequence portion will be a 
series of scientific instrument commands for the 
two Bus instruments, BHHS and BINS, and will be 
specified by HASA/ARC. Spacecraft subsystem 
configuration will not nominally be changed from 
that presented in Table 4.2.5- 2. One at a tine, 
the two command processor units* stored command 
logic subunits (SCLs) are loaded, verified, and 
finally started as detailed in Table 4. 2. 5-1 and 
Pigure 4. 2. 5-1. Tne entry sequence is started at 
this early time (E-44 hours) to preclude the 
possibility of the SCLs not being able to be 
loaded because of a spacecraft receiver failure. 
At tne Bus entry attitude, a command uplink can 
only be maintained with the aft omni antenna. 

The forward omni antenna is not visible from 
earth at this attitude, and the medium gain horn 
antennas has a transmit only capability. If the 
receiver switched to the aft omni should fail, a 
36.4 hour time period will elapse before the 
receiver revese function switches the remaining 
receiver to the aft omni. Planning to load the 
SCL nominally at E-44 hours allows a margin of 
about seven hours prior to entry (worst case) in 
which the SCL may be loaded. 

After starting the SCL sequences the BHHS 
calibration gas pyro and breakoff cover will be 
fired via the commands listed in Table 4. 2. 5-1. 
Pinal scientific instrument commands (set up for 
entry) will be transmitted, if required, and the 
spacecraft will be configured as shown in Table 
4. 2. 5-1 to alternately assimilate attitude and 
engineering data for the remaining until entry. 
Trajectory data will be gathered on the ground in 
support of the radio science experiment. 
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About ten hours prior to entry the Bus downlink 
will begin to continuously eonitored for 
reference against the Large and Snail Probe 
downlink frequencies throughout their respective 
entries into the atnosphere. During this period, 
as nany as two uplinks (Bus and Large Probe) and 
five downlinks (Bus and all four probes) Bust be 
siaultaneously aaintained by the DSN. Bus and 
probe relative entry and descent tines are to be 
specified by NASA/ABC. Pinal Bus configuration 
coaaands are sent; high BP power. Bus entry 
fornat. and 1024 bits per second in preparation 
for Bus entry one hour after the last probe 
vehicle has entered the Venusian ataosphere. 
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TABLE 4.2. 1,3-1 

MULTIPROBE SUBSYSTEM LAUNCH CONFIGURATION 


SUBSYSTEM/UNIT 


OPERATIONAL CONFIGURATION 

COMMUNICATIONS 



Transponders 

• 

Exotter 1 ON/2 OFF 


• 

Restore Coherent Mode (ON) 


• 

Bus HI Mod Index Select 


• 

Probes Mod Index Select (don't care) 

Power Amplifiers 

• 

Power Amp 1 ON 


• 

Power Amps 2 f 3, 4 OFF 

Switch Drivers 

• 

Exoiter 1 Select 


• 

Power Amp 3 Select 


• 

Forward Omni Antenna Select 4 


• 

Amp 1 Low Power/ Amp 2 High Power Select 


• 

High Power to Aft Omni/Low Power to Fwd Omni 
or Horn Select 


• 

Receivers Normal Select (via Command Processor 
Configure Command) 

COMMAND 



Command Processors 

• 

Command Processors 1 and 2 ON (both memories 
In ’’Arm Separation Switch 1 ’ State) 

COM s 

• 

All Seven (7) COMs ON 

PCLs 

• 

PCD 1 Disarmed 


• 

PCD 2 Disarmed 

CONTROLS 



Attitude Data Processors 

• 

ADP 1 OFF 


• 

ADP 2 OFF 


• 

JCE Buffers CXitput Disabled 

Star Sensor 

• 

All Star Sensor Channels OFF 

POWER 



Bus limiters 

• 

All Five (5) Bus Limiters Enabled 

Charge/ Discharge Controller 

• 

Low Rate Charge Select (both relay* - both 
batteries) 


• 

Primary Discharge Reg Select (both batteries) 

r\/OL Control 

• 

UV/OL Power System Protection OFF 

. ! 

• 

Pre-Charge OFF 


♦Centaur /Launch Vehicle Constraint - Prohibits RF radiation Into Centaur (l.e. ,do not use 
Aft Omni during Launch phase). 
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TABLE 4. 2.1. 8-1 (Continued) 


SUBSYSTEM/UNIT 


OPERATIONAL CONFIGURATION 

PROBES 

9 

All Heaters OFF 


• 

All Subsystems OFF 


• 

All Science OFF 

SCIENTIFIC INSTRUMENTS 

• 

All Science OFF 

DATA HANDUNG 



Telemetry Processor 

• 

Telemetry Processor 1 ON/2 OFF 


• 

Bus Engineering Format 


• 

256 Blts/Sec 


• 

Data ON 


• 

Convolutional Encoding OFF 

PCM Encoder 

• 

PCM Encoder 1 ON/2 OFF 

DIM 

• 

All Eight (8) DIMS ON 

PROPULSION/THERMA L 



Latch Valves and Heaters 

• 

All Jet Heaters ON 


t 

Primary Tank/Line Heaters Select 


• 

Latch Valves 1 and 2 Closed 


l.2-)3 
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IfLATTYP. 

WfctTIOW 


CCHtAW* HCMOrr l 


m»T 2 


COtWD 

►wore 


CCHttl® 

>wwoinc 


0-00 00 Se Deration (All tl«i 
below art reterenced f 
thle event; 


SePirat ton (All tinea 
below «rt r*f^r^nc«il to 
Chit event; 


ScP4T ttlon 

Separation switch signals 
initiate SCI. coanend 
sequences and enable ADP OH 
cow Mia. 


TtLOSTtT VmnCATIO* 


TITLE 4 rum 

Ttlaattry verification 
channel a are llated be- 
low la the event Chat a 
downlink data atTeaa La 
received. 



I lO OCrOO.! 21 Tine delay * 0 37S aec lOfTQl 


20 00 00 T l«w 0e 1 ay - 0 . 37 r , aec CKI0 2 


2 to oo oo.soq adt 1 ok 


A* 00 1C | ADP 2 ON 


e This tier delay plus other! 
llated In several atepa 
ahead are for the purpoae 
of cl reinventing a SCP 

failure node In which cine 
delay code* in one SCL are 
j ignored and tne cosanda 
atored in that S CL are 
executed et 1/8 second 
j Interval a. The alternate 
SCI. will then reconfigure 
the S/C (after It 'a own 
correct 1 y processed tine 
delays) to execute m 
n owl net sploup sequence. 

e These initial tine delays 
also allow for clearance 
(and an expected tip off) 
fron the Centaur before 
th- S/C Jets ere fired. 


(ADP l 0N/0FT • ON (1) 
(adp 2 on /opt - on (i) 


3 to 00*00.821 Tlwe Delay - 0.1 2S aec OfJTj 1 
I 1 (TD Code - 0.0 aec.; 


00 t m 00 Tine Delay - 0 12. see CKTQ2 
(TD Code • 0.0 see.) 
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3.00:00.750 

adpi Mode pelect 


AS 40 PO 

ASP 1 J5od« Select 

ATQlC 

B6 4D PO 

a The PLL loaa of lock cir- 
cuit le inhibited, aa the 
PLL cannot track large spin 
rata changes . 

# The largest available spin 
rata rang# la aalactad to 
aid tha PLL to settle 
faater, prior to jet* 
firing , 


Cannot verify ADP atatwa- 
TK ie meenlogleee with 
both ADPb ON. 

• PLL Spin Un|«: 

32-70. • rp* 

• fU Lo*» of Lock 

Inhibited 

• SteT Gate A: Channel l 

• Star Gate •: Channel l 

• Si* PSI Input 
a Sun Select 

a SI* SU S43«c t 

• Star Normal 

• Dtaable Sun Gate 

• SU Normal 

# PLL Spin Renge: 

32-70.8 rp* 

• PLL Loa* of Lock 

Inhibited 

• Star Gat* A' Channel l 
e Star Gate B: Channel L 
e SI* PS1 Input 

e Sun Select 
e SI* SU Select 
a Star Normal 
a Disable Sun Gat* 

* SU Normal 

5 

):00:00.17 5 



AS SO 50 

ADP 2 PLL loin Parted 

AT5#H 

16 SO 50 

* Inserting e sleuleced epio 
rate (60 rpm) that la tha 
largaat available Integer 
multiple of the poat-spln- 
up spin rate aid a the PLL 
to lock onto tha real SU 
that mill be selected after 
eplnup to IS rp*. 



HwoltvAt ~ Ulf 


• PLL Spin Period Mac. 
LSI* tor 60 rp* 

a PLL Spin Parlod Mas; 
LSBa for 60 rp* 

A 

): 00:01. 000 

APT 1 Node SeUct 

ATQ#3 

At 4D P0 

ADP 2 Mode SeUct 

ATQ#C 

B6 40 PO 

a Repeat of atap 4 was for 
ease of verification in 
pre-leu neb ground teat. 

This identical aeguanc* 
for Plight psrvea tb* 
purpose of back-up commend- 
lng. 
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■ 

9 

relative 

CMCDT10N 

nw 

COMUItt KEMORT 1 

COMMAND MEMORY 2 


nuMRTKY vm fi canon 1 

COMWJV 

COPttND 

nn>onc 

HEX 

CQM4MID 

C9MAND 

MNEMONIC 

HEX 

CONfENTS 

WW0N1C 

TITLE it STATUS 

a 

0:00:01. 2W 


ATQE3 

B 

ADI 2 Mode Select 

A1Q*C 

B6 4D FO 

a Second repeat of step 4; 
see coewnt In step 6. 


Cannot verify APT states- 
TM is meanlngleee with 
both ADPi ON. 




0:0 0:01.37! 


ADf. 1 Jet Control 

ATQ#2 

H 8A IA 

■ 

VALB9 

90 00 ID 

Tor ATQ#2(&aT0Nb ahead): 
a Select 11, 13 (splnup jete] 
a Select tine count 
a Select Coot. Mode 
a Spin rate detector Inhibit 
(splnup begins below 
3.7 r?n) 

VALV2S 

Letch Valve 2 open/ 
closed • open (1) 

• Enable Jet 1 
e Enable Jet 3 

e Normal fire Mod* 

# Wide Pule* (512 « eec 
e time Count 

# Continuous Fir* 

• Inhibit Spin Eat* 

Detector 


Cannot verify IDT status 
TM is meaningless with 
ADPs ON. 

10 

1 

ADT 1 Jet Countdown 

ATQ04 

AM CB 7( 

ABF 1 J*t Control 

A*Q#B 

86 8A IA 

e Input tie* code equivalent 
to 117 eec. jet firing dur- 
ation to bring S/C from 
0 to 15 rpm. 


m 

e Jet Countdown 
Magnitude - 225 
Counts “ It 5. 200 sac 

e Enable Jet l 
e Enable Jet 3 
e Normal Fire Mode 
e Wide Fulee (512 • eec] 
e Time Count 
e Continuous Fire 
# Inhibit Spin Rets 
Detector 

n 

■ 

Letch Valve l Open 

VAL19 

88 00 IE 

■gilBMBi 

ATQ0D 

B6 C8 70 

** 

VAtVIS 

Latch Valve 1 open / 
closed • open <i) 

e Jet Countdown Magni- 
tude * 225 counts * 
115.200 sec 

12 

0:00:01. 7« 

Time Delay - 1.125 sac 
<TD Code • 1.000 eec) 

OfTQl 

08 00 (X 

Time Daley * 0.625 sec 
(TD Code - 0.500 sec.) 

CKFQ2 

10 00 00 

e Tie* delay la eplit into 
two euccesslve blocks in 
order to etagger events 
for unambiguous verifi- 
cation during pre -launch 
ground teste. 

i 
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TAU 

4. 2. 1.5-1. 

(Continued) 






ULATITt 

CCNUSD NBOnf 

1 


COMAMD NOVB 

T 2 


jail 

COM4MD 

COMM) 

MNEMONIC 

BBC 

COMAND 

C0MU» 

MNBC0NXC 



Lot eh Valve 2 0pe» 

VAL29 

88 00 ID 

Tiee Delay “ 0.750 hc 
(TD Code - 0.625 sec) 

QCTQ2 

14 

3:00:03.000 


CKTQ2 

40 00 00 

Letch Valve l Open 

VALA9 

15 


ADP l JCE Buffer Enable 

ATQp9 

AE 10 00 

ADP 2 JCE Buffer Enable 


16 

D:00:03.375 

ADP l Jet Plre Interlock 

A3PH 

Al 50 00 

ADP 2 Jet Fire Interlock 

AiqPk 

17 


ADP l Jot fire 

J3012 

AX DO 00 

ADP 2 Jet Plre 

ATQfc 

It 

1:00:03.625 

Tlao Delay • 1 win 

36.375 free . 
(TD Code • 1 «ln. 36.230 
•ec.) 

cmqi 

22 80 00 

Tine Delay - l win 

*.375 eec. 
(TD Code • l win. 36.230 
•ec.) 

CKPQ2 

19 

1:02:00.000 

AQP 1 JCE Buffer Disable 

AXQt# 

~\ 

H 

ADP 2 JCE Buffer Disable 

ATQ4J 

10 1 

1:02:00.123 

m 1 Jtt Cghftrtwa 

o JCB Countdown Hagnl- 
Magnitude • 0 counts 

• 0 M< 

ATQ#4 

AX CO 00 

Letch Valve 2 Cloee 

i 

VALBi 






TELEMETRY VEXIPICATICB 


SEX 

ccM«fn 


TITLE 6 STATUS 


50 00 00 


VALV2S 



90 00 IB 


VALVlS 


1 





1 

s 

mm 





B6 DO 00 

e spin-up oonlnally begins. 

VJCTIT 


nm 



22 SO 00 



Cannot verify ADP statua- 
W la ataelngleea with 
both ADPa OB. 


■ 

• To backup nowinal JCE count 
dawn regieter t 1 we out for 
tbruater shut down. 


m 


90 00 IE 

• further backup of ADP 1 
countdown. 

VALV2S 

Letch Valve 1 open/ 
cloeed - Cloeed (0) 


c 

$ 

a 


t? 

a 

«♦ 

a 


■? 




"k 
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4.7.1. 5-1 . (Contlivjed) 


21 


0:02:00. 2M 


TM 

nut 


10:02:00.17 


tat l Jvt Sgtxai 


• Disable All J«ta 

• loraal Fire Mode 

• Barrow Pules 
(12* • Me) 

• Tine Count 

• Pulse Fire 

• Saab la Spin Sate 
Detector 


Latch Valve l Close 


ATQ*2 lA* »0 11 


VALll 


COMAMD «HD*r 2 


froteaior 1 

Conf leura 
• 8CL 2 Standby 


COWUMD 

motxnc 


CPCQ2 


a ADP 2 turnoff par alt • valt ^ MPfg _ 
attitude HMur iaw t 4 ADF 
etatue TH. 

# Further backup of Jeta 
ahutof f 


a SCL 2 1 • act to Standby 
to insure no repeat of 
apinup sequence, 
a SC!. 2 la not yet turaad 
OFF In order to retain 
ht — rj contents In the 
event the apinup dlJ not 
occur, end it la elected 
to repeat execution of 
the SCL 2 cootvott. If 
the Standby ceewd la 
effective , the subsequent 
cmwmIi in this coluan 
vlll not pet executed , 
only a reel-tine comuend 
vlll chanfe the SCL 2 
atete. 


TtLMTftT TDtl FlLATlOR 


AJHSPC 

tot? fir 

thru 

JJgjg 


utnm 


aMU 


AWocT 


AJrms 


ucm ~ 


title 4 rrem 


APF2 OR /OFF - 0*T 


JC* Countdown - All eerae 

Jet ielact Mi ' s “Air"™ 




Sof|l7llt»raat» Fire 5 ^ 


Ms# Width Select - lif 

fill 




•cTfiaa Cwat Select 


Coot fFhlae Fire Select » 

XwIjf-llL 


Spin Rate De tec ter e 

Inebled (1) 

JCf l Suffer Obt pet State 

■ gg ML 


JCI 2 Buffer Output State 
Status * 


Disabled («*?) . 


SCL 2 State Status - 

Standby (-1111). 


Latch Valve 1 Open/Cl oeod 
Cloeed (0). 


» 

a: c 

O © 

o 


o 

t 


>U>K> 

Ml M 

& 


Revision 















TAHJE 4.2.1.$'!. (Continued) 



■on I: Unn I — n an 1*1 util not bm executed and ire included la the tCL ea i*eb*M* 


i 

f 


f 

| 

> 

* 



I 


*C 



•©* vot«Ta»h 

•)«d nnssi *6*30 




COWUJ«) KDDRY 1 

COMMAND MEMORY 2 

CC**V.VD 

COMAND 

MMOCTOC 

tux 

COKWUtD 

COMMAND 

MMoaotnc 

— 

! 

HEX 


TITLt 4 IYATU1 


uk! 2 [ AMP 10 


98 X> 18 SCL 2 OF? (Note!) 



• SCI. 2 OFF dlacret* cowand 
fa backup Co the prevlou* 
OFF cowand . 

a P(v«r Awps OFF la flret 
cowand to cowunt cat lone 
eubayete* to twitch down- 
link to APT onni . (Aft oan I 
la favorable for Initial 
ground gtatlon acquisition 
at Honeysuckle circa 
Launch plua I hour.) 


Cnwand placca th« pr law 
rccclvar on the can 1 that 
la favorable for Initial 
ground atet m acquisition 
& aata CF 1 receiver 
logic to "noraal" atatc. 



No TM available. 
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TAB.lt 4.2. 1 .Vi . (Cant lnoed) 



nuTm 

camttm nmoky 

l 


COWJID WMORT 2 

, 

rn —tit nununoi 

fTKP 

tub 


— rrr.-~ 



flUIII 










mwohic 



mu 4 rum 

HO. 

«:MS 

pmmvsD 

IMOVWTC 

** 

CCIWW 


UMUll 

iwanrac 

2t 

D:02:0l.2V> 

Fowtr ta»lin«r i OH/ 
2 orr 

Airif 

M 00 If 




• Aftpl 1** low traaawiaotoc 
fair to fkari m1»c(«4 


laeorary of leaallak 
carrier mmi 1M 









•ft amm 1. 

turns 

iR/(M « Boro) to K/U 
per - 0 (*ft to Low) 










UKT1V 

IF power owtfwt * afftaal* 
Maw iml (Tta 10 
Mtt* for wklaat S/O aa 
kaforo stop IS. 










cams 

Zt 1 ftacatvar rararaa 
atata • Inal (•!) . 










CKXT2S 

Cf 2 ftocolwor rawer aa 
rtato • darnel (•») . 










uom 

IP owltch poo It low - 0 
(darnel :ftC* 2 to aft anal) 

1 » 

)rOltOl.n» 

ft* atari ColtrrMt Mai* 

COftlt 

M 00 07 




• !«Mri«4 Mr* to Im»w 
that cttetMt wmim 1« 
owafclo* for Uftlal a^ilil 
c loa . <f/C mmy W lwxM 
with cHwmt waft* lafi' - 

mi t« mil 1FI » «kt«t ' 

Unek). 

toons 

1 

Kacltor 2 Iehlhlt /fteatoro 
eahrrMt — Ao • • 

C- toot or o) 

11 

j 

L 

1:02:01 . 500 

I 

kMMBl^ircnitirLA 
• ta t StwaAfcy 

CfQQl 

40 00 07 

1 



• KL 1 Ikt Mt t« lt«Hky to 
lawn ao repeat af tka 
•fiMP 

• ftCL 1 la ait ft taraai 0f» 
1« orAcr to rotaia ■■■wry 
cMtaati la tka mat tka 
opt wop 4mmrn aat accar , mmd 
it la alactwA t* rafaat 

j tMcatlaa of tka KL 1 
1 cwtMti. If tka Itaaiky 
eiMai t« affKtlaa, tka 
— > a aqwaat caaaaia wilt 
woe |M aaatataf; aaly • 
real -t lan caaaaai will 
cftM^a t ho ftCL l atata. 

CX0CU 

■CL 1 State atataa - 
ItnaAVy (- 111!) 

I 


e 

* 

M* 

O 


m o P w 
• nf • 

*?• & 

O HC 8 


« (3 

o # 

• p 




e 

t 


mit i 

ICET 



50 

<D 

< 

W 
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• 

K> 
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TAILS 4. 2. 1.5-1. (Continued) 


|mr 

*0. 


ft ELAT IV K 
CIKUTIOW 
TIKE 
HM:S 


0 02 01.6251 


0 :02 :0l .7 'CM 


CGmAND MEMORY l 


C25!M^.. p tocgJtf££- \ 


SonfUult 

• SCL 1 STOP 


• SCL 1 OFF 


SCI l OFF 


COMMAND 

MNEMONIC 


CP<X) l 


CPCQ1 


MEMltf 


COMMAND MEMORY 2 


AD 00 3P 


98 00 2B 


COHAND 

KNDAWIC 


SCL 1 Stop is backup to 
previous contends . 


• SCL l OFF Is backup to 
previous cotnand. 


► SCL 1 OFF discrete coaund 
Is backup to the previous 
OFF coensnd. 


TO SXZTRY VERinCATIOW 


CLOG IS 


TITLE A STATUS 


SOLI State Status m STOP 
l <- 0010) only if stand- 
by cownand is Ineffective 
Otherwise, STOP e 
has no effect In 
STANDBY State. 


SCL 1 Status - OFF <0) . 


SCL 1 Status ■ OFF (0) . 
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TABLE 4. 2. 1. 6-1 

MULTIPROBE SUBSYSTEM ACQUISITION CONFIGURATION 


SUBSYSTEM/UNIT 

OPERATIONAL CONFIGURATION 

COMMUNICATIONS 

e Same as Launch (See Table 4. 2. 1. 3-1). 

CONTROLS 

• Same as Launch except ADP 1 ON. 

COMMAND 

• Same as Launch except SCL 1 and SCL 2 are "OFF. " 

DATA HANDLING 

• Same as Launch (See Table 4. 2. 1. 3-1). 

POWER 

• Same as Launch (See Table 4.2. 1.3-1). 

PROPULSTON/THERMAL 

• Same as Launch (See Table 4. 2. 1. 3-1). 

SCIENTIFIC INSTRUMENTS 

• All OFF. 
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4 


sr 
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TABLE 4. Z. A-l 

bT A A I CF SMn PAOhLS bnKLOUT PEriiGD 
THROUGH LARGE PROBE S£ PA AA T I O' * TIMELINE OF EVENTS 


START 

TfME 


MULTIJ'ROBE j MISSION PRASE) 
MISSION EVENT 


REMARKS 


, [START oF SMALL PROBES' BAKECUT PERIOD THROUGH HORN' ATTITUDE OPERATIONS! 


Ttecc/.ijigur t» S/ C for S*v.ali Probe*' *table oscillator 
' f oake >at'* r 


E - 4 0 Da v 


E-30 Day* 


Ref: Par, 1. 5. 34. 


Interplanetary target accuracy to be accomplished 
In three TCMs maximum (Ref: M2). 


E-30 Days Attitude and Orbit Determination. 


Forward Axial Jet Heater OFF; Precesa to Horn Attitude, 


E-27D23H 
30 M 


Surlteh to Horn for Transmission. 


Attitude Determination. 


E-27D22H I Return to Single Transmitter. 


Heater is turned OFF Immediately prior to pre- 
cession to attitude that exposes Jet to more solar 
Intensity (Kef; M7 t M13). 

Precession done to use Horn and 26 M. DSN. 
Station for transmission, as omnls are usable only 
via 64 M. DSN Station after L+*3 Days (Ref. Pat a. 
1.5.19 and M4). 

Precession is done in two steps, separated by 
switching S/C transmitter to the aft omnl (Refer 
to Section 3.7 for antennas gain patterns). 

Nominal A90° precession total. 

Also, Ref. M6. 


Ref: M4, M7 and MS. 
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I TABLE 4. 2. 2-1 (Continued) 


START ' 
TIME 

MULTIPROBE 1 MISSION PHASE 1 A 
MISSION EVENT 

REMARKS 






E-24D12 H 
^LPR-12H, 
where LPR- 
La rge Probe 
Releue 
Time) 

1 FRECESS 1 0 RELEASE AITIiUDt nilvUUUII LJ 

LKut rnUBt PL^AiUlilUW f ™ 



LPR-11H 

3011 

Load Command Memory for last Large Probe checkout; Laat 
Large Probe Checkout. 


LPR-OH 

Return to 8tngle Transmitter. 


LPR-8H 
5 5M 

Batteries to HI Charge Rate. 

• To replenish worst case discharge due to probes 
checkout (Ref: M4). 

• Ref: M7. 

LPR-6H 

Batteries to Trickle Charge Rate. 

Ref: M7. 

LPR-5H 

40M 

Add Second Transmitter; Switch to ACS Format. 

Ref: M4, MS, M7 and PIA #M-9. 

IPR-5H 
30 M 

Prepare Large Probe; Transfer to Probe Battery and Load 
Coast Timer, then return to Bus Engineering Format. 

4 LP/Bu* Bit rate* are 256/8, respectively 

• Ref: PIA 4M-10. 

LPR-4H 

SOM 

Large Probe Coast Timer InttUtton. 


LPR-4H 

10M 

Reduce bit rate; switch to Aft Omni. 

• In preparation for precession to LP Release Attitude. 

• Use Horn for earth L o. s. <30°w. r.t 8/C -Z axis 
(Ref: J. Salvatore of HAC). 

. • LP Release attitude produces earth Lo.s. *36 v 
w. r. t. S/C -Z axis. 


1 
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orig. Imm Onto 5/22/78 
Be vis ion Bo. 

Bevisioa 



1 


TALLE4.2.2-1 (Cootii^ sd) 


SI ART 
TWE 

M’ TIPROBE | MISSION PH..SE1 L 
MISSION EVENT 

LPR-4H 

Precess to Large Probe Release Attitude* 

LPR-3H 

Attitude Determination and Attitude Trim (If required). 

LPK-2H 

15M 

Spin Fate Trim (If required). 

L PR-30 M 

Prepare LP for Release. 

LPR-15M 

Separate IFDs. 

LPR =0 
(-E-24 D) 

Release Large Probe* 




O 

< 


!■ 





REMARKS 


• To produce 0° angle of attack* 

• Nominal A 44° precession - Ref: M5. 

• Ref: Ml and M8. 


• To attain attitude within +2. 5° of desired attitude 
(Ref: Ml). 


• To attain spin rate of 15 40.15 rpm (Ref: Ml). 
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TABLE 4. 2. 2-2 

START OF SMALL PROBES' BAKEOUT PERIOD 
THROUGH LARGE PROBE SEPARATION DETAILED FLIGHT SEQUENCE 


STEP 1 
lc (START 
TIME) 

COMMAND 

MNEMONIC 

COMMAND OR ACTION 

REMARKS k VERIFICATION 1 

TELEMETRY 

MNEMONIC 

REMARKS U TM DATA 



• Initial conditions are as shown in the appro- 

priate columns of Table 2. 3, 1-1 (Multiprobe 
nominal equipment configurations during the 
mission). Essentially, it consists of: 64 M. 

DSN in use (for imminent TCM #3), Fwd omni 
in use for downlink, transmitter Hi power, S/ C 
in cruise attitude, and spin rate at 15 rpm. 



.a, 


Reconfigure S/ C fo£ Small Probes' Stable Oscil- 
lators "bakeout" period. 

L 

• Stable oscillator in each 
Small Probe is turned ON and left 
ON continuously for ~2 5 days in 
order to stabilize the frequency 
during *ts use just prior to S. P. 
entry through S. P. Impact. 

• It is very important that the 
bakeout be continuous, i. e. , the 
cumulative OFF time of the stable 
oscillators during bakeout should 
be kept to an absolute minimum 
(<2 HRS between first turn ON 
and last pre-release turn-OFF). 

© 


• Verify that the Science Reset Relay is 

closed ("ON"). 

1 PSCBUS 

L 

Science Bus Reset Relay Status = 
1 (ON). 

p. 


• Turn ON Probe Checkout Power: 



— 0- 

PCOI9 OR 
PCOA9 

Probe Checkout Pover ON. 

PCHEKS 

Probe Checkout Pwr ON/OFF = 
1 (ON) 


• For X = 1 and 2 and 3: 

PXPR1S 

SP X Internal Pwr Relay 1 ON/ 
OFF = 0 (OFF). 

PXPR2S 

SP X Internal Pwr Relay 2 ON/ 
OFF = 0 (OFF). 


90 

4 


O 

0 


w o © w 

* *1 o • 

■"*°8 


B-f 




« o 

O I- O P 

0 u • 

« ■ 

■ n i o 

o si • 

* on 

• © 

u 


t 


| 5 | 


£ 



/.***. .-f ■». . \ , » > t • 


V ' • :SS‘^ 



0 


w 

* 


* 

K 

CO 

o 


0 


REMARKS fe VERIFICATION 


TELEMETRY 

MNEMONIC 


REMARKS U TM DATA 


• For simultaneous tr an*- 
mission with impending Small 
F robe mbcarner data. 


Momentary lo*» of bit »ync. 
then: 


W or3 3 


Bit Rate Selection 


_b£t 


• Recommended choice* of 
Mod. Indices for simultaneous 
Frobe/Bu* Operation (Refer to 
Para. 3. 7. 3. 1. I). 

• Sending either Probe*’ Mod 

Index *elect '.omrr.and also auto- 
matically select* the Bus Lo 
Mod Index. 


• No TJLM available for veri- 
fication 

• Since only the Bu* Subc&r- 

ner i* ON at this time, the 
downlink carrier suppression 
will decrease by approximately 
6. 4 dB relative to Hi Mod Index 
only operation. 


X = 1 or Z or 3 


• Probe X *ubcarrier appear* 

- Downlink carrier suppression 
will increase by 6.7 dB over Bu* 
Subcarrier (Lo Mod Index) only 
operation. 

• SPX Telemetry appear* at 
64 bp* rate and in the Upper 
Descent format (initial condition* 



1 

i 

\ 


i 

j. 

L 
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TABLE 4. 2. 2-2 

l STEP# COMK 
fc (START MN _. 

TIME) MNEK 


(Continued) 


COMMAND 

MNEMONIC 


REM J RKS U VERIFICATION 


COMMAND OR ACTION 


TELEMETRY 

MNEMONIC 

RXHTOI 


(Cont'd) 


(iFU SCDX0 


Monitor telemetry listed in previous step 
for about 20 minutes to verify proper stable 
oscillator current consumption. 


• Turn OFF SPX CDU and turn ON SPY Stable 
Oscillator. 

(X = 1 or 2 or 3, Y = 1 or 2 or 3 and 
also Y i X) 

SPX C/DU and RF Power Relay OFF. 


Turn ON SPY CDU and then its Stable 
Oscillator. 


through 


Turn OFF SPY CDU and turn ON remaining 
third SP: 


REMARKS Sc TM DATA 

SPX Stable Oscillator Heater 
Current%0.2 Volts (TM) initially, 
then rises as seen in Figure 
4. 2. 2-X. 

SPX Stable Oscillator ON/OFF = 

1 (ON). 

• Refer to Figures 4. 2. 2-X, 

4. 2. 2-5, and 4. 2. 2-6. 

Bus Communications Subsystem 
is designed to accommodate only 
one Probe subcarrier ON at a 
time without garbling telemetry. 

• Probe X subcarrier disap- 
pears - Downlink carrier 
suppression will decrease by 

5. 7 dB over Bus subcarrier 
(Lo Mod Index) only operatioi 

S/C Loads current decreases a 
nominal 436 ma. @ 29 Vdc. 

Bus Voltage limiter current like- 
ly increases by the same amount 
as PBUSLI had decreased - if 
there is sufficient excess Solar 
Panel Current. 


Y is a different SP than the 
revious SP. 



hevision 







K> 

I 

W* 


IK, 


Throughout the 2 5 day* "takeout" period, 
do aa follow*: 



•Ol UOf«"jA*H 

•*»<j •qssi 




so 

< 

H* 

m 

K 

O 



REMARKS b VERIFICATION | 

TELEMETRY 

MNEMONIC 

REMARKS k TM DATA 


PSCBUS 

Science Bu« Reael Relay Statu* = 
1 (ON) 

PCHEKS 

Probe Checkout Power ON/OFF = 
1 (ON) 


• For X * 1 and Z and 3: 

PXPR1S 

SPX Internal Power Relay 1 ON/ 
OFF = 0 (OFF). 

PXPR2S 

SPX Internal Power Relay 2 ON/ 
OFF - 0 (OFF). 






AFFECTED SP: 



SPX, where X = 1 or 2 or 3. 



All 3 S, P. 

- 


All 3 S. P. 




PCHECKS 

Probe Checkout Pwr ON/OF 7 = 
1 (ON) 



PXPR.S 

SPX Internal Pwr Relay 1 ON/ 
OFF = 0 (OFF) 
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TABLF 4.2 2-2 (Continued) 


STEP # 

Ik (START 
_ TIME) . 

COMMAND 

MNEMONIC 

COMMAND OR ACTION 

r ~ REMARKS It VERIFICATION f 

TELEMETRY 

MNEMONIC 

REMARKS At TM DATA 

Q) 

fCoIIT d) 



PXPR2S 

SPX Internal Power Relay 2 ON/ 
OFF = 0 (OFF). 

(lK3.2^ 


• Execute turn ON Command for each SP 

Stable Oscillator: 


• Execute for X = 1 and 2 and 

3. 

|iKJ.2.n 

SOSX9 

SPX Stable Oscillator ON. 

PBUSLI 

S/C Loads 
Current 

• No change indi- 
cates each Stable 
Oscillator is ON. or 
had been OFF for a 
short time. L the 
turn ON transient 

of 200 ma was too 
short in duration to 
be seen by the TM 
system (current 
consumption of ~30 
ma for a warm 
Stable Oscillator is 
lees than 1 count for 
each of these TM 
parameterr,.) 

• Diecernable 
change of 200 ma 
indicates the Oscil- 
lator had been OFF. 

PLIMTl 

Bus Voltage 

Limiter 

Current 

-0- 


• If there had been a detectable change in the 

telemetry listed in the previous step that 
indicated one or more etable oscillators 
had been OFF, then the cause of that un- 
wanted turn OFF must be avoided through- 
out the "bakeout" period. 
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TABLE 4. Z. 2-2 (Continued) 


N) 

I 

W 


STEP# 

A (START 
TIME) 


COMMAND 

MNEMONIC 


COMMAND OR ACTION 


(?) HTLlf OR 

(R-40D) HTLA ^ 


Large 1 robe mod Small Probe I Heateru O^f- 


® 

(E-SOD) 


• Perform TCM #3 per the appropriate de- 
tailed sequences l a Section 4,3.1 
(Maneuvers). 


e Perform Attitude Determination pear Section 
4,3.2. 


0 

(*-»D 

JH) 


HTJl/ OR 
HTJA^ 


e Perform a trajectory determination per the 
standard tracking procedure. 


Forward Axial Jet Heaters OFF. 



REMARKS It VERIFICATION 

TELEMETRY 

MNEMONIC 

REMARKS fc TM DATA 





I'LHTRS 

Large Probe Heater 3 0 (OFF) 

I LBHRS 

Large Probe Bette rv Heater Relay 
ON/OFF * 0 (OFF) 

PBUSLT 

S/C Loads current decreaees a 
nominal 768 ma. , due to Large 
Probe shelf heater turnoff. 

mm 

Large Probe Battery Temperature 
Decrease# and stabilises- 





PBUSLI 

... . 

S/C Loads current decrease# a 
nominal 31 ma. , due to heaters 
turnoff. 

VJET5T 

Forward Axial Jet 5 Temperature de- 
creases ti stabilise# 


S7 

< D 
< 
K 
W 
H* 

o 

a 


w c o 
® n o 
* * o 

* 

» t 

6 H O 
a os t 
C® 

5.1 

' of? 


u* 

V 

K> 

K> 

S* 


EL 




!* 


Section No 
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TABLE 4.2.2-?. <Cootlnued) 




rrcp# 

1 (START 
TIME) 

COMMAND 

MNEMONIC 

COMMAND OR ACTION 

REMARKS fc VERIFICATION 

TELEMETrY 

MNEMONIC 

REMARKS <i TM DATA 

0 

(E-WD03H 


(Process to Horn Attitude) 


Ref: M7 


© 


# Perform the appropriate detailed preceasioc 
aequeoce to Section 4.3.1 (Maneuver*)* 
except load the number of pulse* required 
(or this precession magnitude* and the angle 
delay magnitude corresponding to that 
uniquely required for this precession, 
s (Partial precession * Do novelese latching 
valves after this precession. Refer to 
remarks. ) 


s P recess approximately A 20° to 
.13 0° (of a total required A90° 
nominal), or until ground re- 
ceived BER Increases to TBD, 
or S/N ratio decreases to TBD 
dB. (Ref: M8, MS and MU). 

© 


s After the above partial p recession la com- 
pleted, switch L/C transmission to the aft 
omul: 


• R«f : Par. 1.5.21. 

© 

AMPS* OR 
AMPC* 

Power Amplifiers )M OFF. 


s Likely loss of bit sync fc 
telemetry. 

• Possible loss of carrier. 

© 

AMP I* OR 
A MPA* 

Power Amplifiers 1 t 2 OFF. 


s Lots of downlink carrier. 

© 

A NT 11 OR 
ANTA1 

HI Power to aft omul select. 


s No downlink - sot verifiable In 
raid time. 

@ 

AMP 19 OR 
A MPAS 

J 

Power Amplifier 1 O.i/2 OFF. 


• Possible recovery of downlin* 
carrier (should be phase-locked 
to upUnk). 





I 


Section *o. *--»5 

Doc. lo. , K'iQJ- — - 

orig- iBBue n*f 5/22/78 
laviiloB to. - 

>•▼ 1*100 


*• OS 


TABLE 4. 2. 2-2. (Continued) 


COMMAND 

MNEMONIC 


COMMAND OH ACTION 


REMARKS & VERIFICATION 

TELEMETRY 

MNEMONIC REMARKS It TM DATA 


AMPS9 OR_ Power Amplifier 3 ON/4 OFF. 
AMPC9 



Process the remaining segment of the total 
required precession (performed functionally 
the same as the last precession) - then 
Close latching valves. 


Switch to Horn for Transmission 


© 

ANT21 OR 
ANTB1 

© 

AMP30 C« 
ANTCp 


Medium Gain Horn Select. 



Power Amplifiers 3 It 4 OFF 


Recovery of downlink carrier 
demod sync to subcarrier, 6 
bit sync to telemetry. Frame 
sync will follow later because of 
low bit rate. 

Ground received signal strength 
should be stronger than at the 
start of step/SfeV 


HI Pwr to Fwd or Horn/ho Pwr to 
Aft Omni * (Hi Pwr to Aft Omni). 


e Rrf: Par. 1.5. 21 


• No change in Ground Received 
signal. 


Hom/Fwd Omni = 1 (Horn) 


• Likely less of bit sync ft 
telemetry. 

• Possible loss of carrier. 


Revision 
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T.A LL E 4. 2. 2-2. (Ccmt<nued) 


STEP# 

6 (START 
TIME) 



REMARKS It VERIFICATION 

COMMAND 

MNEMONIC 

COMMAND OR ACTION 

TELEMETRY 

MNEMONIC 

REMARKS It TM DATA 

© 

AMPli OR 
A MPA# 

Power Amplifier* 1 L 2 OFF 


• Loss of downlink carrier. 

© 

A NT 12 OR 
ANTA2 

HI Power to Fwd/Horn Select. 


• No downlink * not verifiable In 
real time. 



© 

AMP19 OR 
AMPA9 

— 

Power Amplifier 1 ON/2 OFF. 


• Possible recovery of downlink 
carrier (should he phase-locked 
to uplink). 

© 

A MP3 9 OR 
AMPC9 

Power Amplifier 3 ON/4 OFF. 


v Recovery of downlink carrier, 
demod sync to srtxatrrier, It 
bit sync to telemetry. Frame 
sync will follow later because of 
low bit rate. 

• Ground received signal strength 
should be wro*wer then at t**e 
start of 

i 



RANT IS 

J 

HI Pwr to Fwd or Nora/Lo Power 
to Aft Omni * 1 (Hi Pwr to Horn). 

© i 

~ 

1 

Increase Bit Rate 


• Assume* 256 bp* U metalnable 
for Xmtr HI Pwk f Horn, A 
remainder of llak budget. 

© 

TPCQ1; Bit 

Telemetry Processor 1 Control (Select 256 bps) 


Momentary loss of bit sync, then: 

Bate - 256 


WORD 3 

Bit Rate Selection * 256 bps. 
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TABLE 4. 2. 2-2 (Continued) 


COMMAND 

MNEMONIC 


2JH15M) 


COMMAND OR ACTION 


REMARKS *■ VERIFICATION 

T F F P'FTP V 

I* • :-'ov«r REi-lARKS * T?: DATA 


• Perform Attitude Determination per Section 
4.3 2. 


Decrease Bit Rate and Retur to Single 
Transmitter: 


Decrease Bit Rater 


TPCQIj Telemetry Processor 1 Control /Select 126 bps) 
Bit Rate - 
126 bps 

Return to Stogie Transmitter ; 

AMP3# OR Power Amplifiers 3 and 4 OFF. 

AMPC# 


fora AM PI# OR Power Amplifiers 1 and % OFF. 

A MPA# 

Q ANTI 1 OR Low Power to Horn Select. 

ANTA1 

@ AMP11 OR Amplifier 1 to Low Power Select, 

AUPAl 


WORD 3 


• As fume a 126 bps la sustainable 

for Xmtr Lo Per, Horn & 
remainder of link budget. 

Momentary loea of bit sync, then: 

Bit Rate Selection » 126 bps. 


• LOtely loaa of bit aync and 
telemetry. 

• Possible loss of carrier, 
s Loss of downlink carrier. 


s No downlink - not verifiable In 
real time. 

s No downlink - not verifiable In 
real time. 


oriq. Issue Date 
Revision No. 



TABLE 4* 2, 2-2 (Continued) 



« 

U> 

* 


ARKS t VERf TICAT ION 


REMAPS L TM DATA 


Recovery of downlink carrier, 
demod mync to subcarrter & bit 
sync to telemetry. Frame aync 
will follow later because of low 
bit rate. 

Ground received signal strength 
afeould be weaker than at the 
atart of Step «3) . 


High Power to Fwd or Horn/Low 
Power to Aft Omni - 0 (Low Power to 
Horn). 


RF Power Output 3-0 Watte. 


PA 3 Temperature - Decrease* and 
stabilize* at 69°F to 88°F. 


Amp 1/2 to Hl/Lo Power - 0 (Amp 1 
to Low Power). 


a Lose of downlUfc Carrier. 


\ 

! 

I 


I 


i 


BOOM 
• » © • 
4 O 

K-iO • <♦ 

V • **• 






Off—? 



w 

% 


CO 

o 



IirMAUKrf i VERIFICATION 

lLLEMLIRY 

p.e? larks l t?.: data J 

r- ..O. IC 



• No downlink - not verifiable In 
real time. 






• Possible recovery of downlink 
carrier (should be phase- locked 
to uplink). 



• Recovery of iownltnk carrier, 
demod sync subcarrler, and 
bit sync to telemetry. Frame 
sync will follow later because of 
low bit rate. 

• Ground received signal strength 
should be stronger than at the 
start of Step ooA . 

RANT1S 

High Power to Fwd or Horn/Low 
Power to Aft C.nnl - 1 (High Power 
to Horr;, 

RAMP3W 

RF PoAvr Oitput 3-10 W.tU. 

RAMP3T 

PA 3 Temperature - Increases and 
stabilizes at 78°F to 88°F. 

RAMP1S 

Amp 1/2 to High/Low Power » 1 
(Amp 1 to High Power). 



a Assume 256 bps Is sustainable 
for Xm‘ High Power and 
r email* er of link budget. 


V 


T 


/ 


Orig. It>sue Date 
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TABLE 4. 2. 2-2 (Continued) 


STEP# 

& START 
TIME 

COMMAND 

MNEMONIC 

COMMAND OK ACTION 

REMARKS & VERIFICATION 

TELEMETRY 

MNEMONIC 

REMARKS & TM DATA 

jwBl) 

TPCQ1; 
(Bit Rate • 
256 bps) 

Telemetry Processor 1 Control (Select 256 bps). 


Momentary loss of bit sync, then: 

WORD 3 

Bit Pwate Selection * 256 bps. 

30M) 


Load Command Memory for Last Large Probe 



Checkout. 

© 

CPCQl; 
Either CP (CP 
Select)} No OP 
(RCVR)( OFF 
(8CL) 

Command Processor 1 Configure - (SCL OFF) 


• To clear SCL memory contents 
with certainty. 

CSCL1S 

SCL * 0 (OFF). 

© 

CPCQl; 
Either CP (CP 
Meet); No OP 
(RCVR); Clear/ 
ON (SCL) 

Command Processor 1 Configure (SCL Oar/ON) 


• Turns SCL Power ON, sets SCL 
to Standby, and Initializes 
memory address pointer (Ref: 
Section 3. 6. 3. 2. 2). 

CSCL’S 

SCL - 1 (ON). 

CLOG1S 

SCL Logic State - 15 (Stancfly) 

CMEM1C 

Command Memory 1 Address Pointer 
* All Zeros - Points to first 24-bit 
word slot In memory. 

0 

CPCQl; 
Either CP {CP 
Select); No OP 
PCVR); Load 
(SCL). 

Command Processor 1 Configure (SCL Load) 

CLOG1S 

SCL Logic State - 14 (Load) 

i 


M 


b 

a 


w © © w 

2 P-o c 

tf • p: 

M* « 0 
O H 0 O 
0 M ( 

m m 

o 


0 * 

1 o 
» 
f* 
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TABLE 4. 2. 2-2 (Continued) 



"MARKS VERIFICATION 


REMARKS £ TM DATA 


| Checkout power is already ON 
in order to support S. P. stable 
oscillators operations, 

’’ Command Memory 1 Address 
Pointer” has advanced by a count of 
1 after issuance of this command; 
a nd will Increase by a count of 1 for 
each subsequent Issuance of a 

command. 

CnecAOut pov s. must be left ON 
after L. P checkout in order to 
support 5- P. stable oscillators 
ope rat ion. 


• To insure no automatic repeat of 
the stored command sequence 
once it has been initiated. 


SCL Logic State * 14 (Still - Load 
State). 


"Command Memory 1 Address 
Pointer” - Location of this last 
command stored in memory (record 
for later use). 


• To take SCL out of load state; do 
other command will accomplish 
this and keep memory contents 
intact (Ref: Section 3. 6. 3. 2). 


SCL Logic State - 15 (Stamfoy). 





















c«r-e 



»Oi UOf*TA»a 

•**G «qs«i "liTao 















K> 





REMARKS L VERIFICATION 

TELEMETRY 

MNEMONIC 

REMARKS & TM DATA 


CMEM1C 

Command Memory 1 Address Pointer 
- Increases by a count of 1 after each 
24-bits is readout in CMEM1. Resets 
to all zeros when the end of the mem- 
ory 1 b reached, and stops increasing* 

CLOG1S 

SCI logic state - 10 (Read) Until end 
of memory Is reached* then automa- 
tically transfers to 15 (STANDBY) and 
stays in that state* 



• To evaluate bus prior to contin- 
uing to Large Probe checkout* 

WORD 3 

Telemetry Format Selection * 0001 
(Bus Engineering Format) 






0 For simultaneous transmission 
with impending Large Probe sub- 
carrier data* 



Momentary loss of bit sync* then: 

WORD 3 

Bit Rate Selection *• 8 bps. 



• Large Probe data rate of 256 bps, 
as required for some scientific 
instruments, is assumed to be 
selected via the Command Mem- 
ory sequence. 


to to 
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Orig. Issue Date 



TABLE 4. 2.2-2. (Continued) 


t 

N> 

t 

Sr 

tn 


STEP# 

COMMAND 

MNEMONIC 


REMARKS & VERIFICATION 

t (START 
TIME) 

COMMAND OR ACTION 

TELEMFTRY 

MNEMONIC 

REMARKS <i TM DATA 

(l3Bl) 

CPCQ1; 

Either CP 
(CP Select); 

No OP (RCVR); 
Immediate 
Start (SCL). 

Command Processor 1 Configure (SCL 
Immediate Start) 

CLOG IS 

SCL Logic State: Transfers first 

to "Run" state (=*12). If a stored 
command is not a time delay, this 
will truasfer to the "Process 
Command" state (=8); if a stored 
command is a time delay, this 
will transfer to the 'Toad Timer" 
state (=13). Last stored command 
is a "STOP” command, and this 
wlU become. "STOP 1" (=3) 




C MEM 1C 

Command Memory 1 Address 
Pointer: Increase by count of 1 as 

each stored command is executed. 

® 

(LPR-9H) 


Return to Single Transmitter 





• ' Repeat Step^J), then return here. 



© 

(LPR-6H 

5SM) 


(Batteries to HI Charge Rate) 







© 


For Battery 1 to HI Charge Rate: 





1 

1 

i 




90OO(A 

9 n o 9 
* o r> 

to • p* 
H* HO 
O H O o 
a a • 
a 


as a 

O 9 

9 

o 

a 


9 

4 


O 

a 


IT 

K) 

S 

m 


O 

9 


,|0 ,L 


Kp 



tr « 

6* S' 


STEP # 
t (START 
TIME) 

COMMAND 

MNEMONIC 

COMMAND OR ACTION 

REMARKS & VERIFICATION 

TELEMETRY 

MNEMONIC 

REMARKS (i TM DATA 

^5Alj 

BAT 19 OR 
HATA9 

Battery 1 - Relay 1 Hi Rate Charge 

PHI K IS 

Battery 1. Relay 1 Status - 1 
(To Hi Charge Position) 

PCHG1I 

Battery 1 Charge Current = 0 Amp 

PLIMTI 

Bus Voltagr* Limiter Current - 
Increases 

© 

BAT13 OR 
BAT A3 

Battery’ 1 - Relay 2 Hi Rate Charge 

PB1R2S 

Battery 1, Re lav ? Status = 1 
(To Hi Charge Position) 

PCHGU 

Battery 1 Charge Current ~ 0.750 
Amps (C/10) 

PLIMTI 

Bus Voltage Limftfer Current 
Decreases 

© 


• Battery 2 to Hi Charge Rate: 

j 
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TABLE 4. 2. 2-2. 


(Continued) 


N> 

I 




STEP # 

COMMAND 

MNEMONIC 


REMARKS L VERIFICATION 

& (START 
TIME) 

COMMAND OR ACTION 

TELEMETRY 

MNEMONIC 

REMARKS L TM DATA 


BAT29 OR 
BATB9 

Battery 2 - Relay i HI RAte Charge. 

PB2R1S 

Battery’ 2, Relay 1 Status - 1 (To 
HI Charge Position). 




PCHG2I 

Battery 2 Charge Current = 0 Amp. 




PLIMT1 

Bus Voltage Limiter Current 
Increases. 

© 

BAT23 OR 
BATB3 

Battery 2 - Relay 2 Hi Rate Charge 

PB2R2S 

Battery 2 - Relay 2 Status = 1 
(To HI Charge Position) 




PCHG2I 

Battery 2 Charge Current = 0. 750 
Amp (C/10). 




PLIMTI 

Bus Voltage Limiter Current 

Decreases 

© 


• Monitor TM at Right. 

* When conditions are met, return batteries 

PB1P1T 

Battery 1, Pack 1 Temperature. 



to trickle charge rate via event ahead. 

PB1P2T 

Battery 1, Pack 2 Temperature 




PB2P1T 

Battery 2, Pack 1 Temperature 




PB2P2T 

Battery 2. Pack 2 Temperature 




PBAT1V 

Battery 1 Terminal Voltage. 


1 

i 

PBAT2V 

Battery 2 Terminal Voltage. 


(CODW 

® n o • 

* H-n n 

• »> 

• • M- 
H* VO 
O M O D 
P W • 

n 


so 

ft 

ft 

5 

H* 

O 

3 


k; 

m 

S 

CD 


* 0 

O 0 

s fek, 


M 








STEP » 

L (START 
TIME) 


COMMAND 

MNEMONIC 


COMMAND OR ACTION 





REMARKS L VERIFICATION 

TELEMETRY 

MNEMONIC 

REMARKS L TM DATA 


Whan uie battery voltage rises dur- 
ing high rate charge & then "rolls - 
ove r" &t decreases by £ aata amts 
(^0.3 VI from its peak value; and/ 
or the battery temp, rate of rise 
suddenly become* steep, transfer 
to Low' (trickle) charge rate via the 
event ahead. 





PB1R1S 

Battery 1, Relay 1 Status = 0 
(To Lo Char? Position) 

PCHG1I 

Battery 1 Charge Current = 0 Amp. 

PLIMT1 

Bus Voltage Limiter Current - 
Increases. 

PB1R2S 

Battery 1, Relay 2 Status = 0 
(To Lo Charge Position). 

PCHG1I 

Battery 1 Charge Current = 1 50 ma 
(C/50) Average. 

PLIMTI 

Bus Voltage Limiter Current - 
Decreases 

i 
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TABLE 4.2. 2-2 (Continued) 


STEP # 

COMM. ND 
MNEMONIC 


::rv. 

V RKS £ \ E It! Ft CAT ION 

1 START 
TTME 

v ' * ' ^ i: w. ion 

tl'i i::ir i uv 
MNEMONIC 

REMARK* 1 TM DATA 

© 


• To reduce Battery 2 Charge Rate: 

- . .. — — —j 


© 

BAT2# OR 
BATE# 

Battery 2 - Relay 1 Low Rate Che ge 

PB2R1S 

Battery 2, Relay 1 Status * 0 (To 
Low Charge Position). 




PCHG2I 

Battery 2 Charge Current * 0 Amp. 




PLIMT! 

Bus Voltage Limiter Current 
Increases. 

(ibB^ 

BAT24 OR 
BATB4 

BLtery 2 - Relay 2 Low Rate Charge. 

PB2R2S 

Battery 2 - Relay 2 Status * 0 (To 
Low Charge Position) . 




PCHG2I 

Battery 2 Charge Current = i 5,0 ma. 
(C/50) Average. 

I 



PLIMT1 

Bus Voltage Limiter Current 
Decreases 

(^rro - 

5H40M) 


Add Second Transmitter; Switch to ACS Format. 









• Repeat Step ^0^, then return here. 



© 

TPCQ1; 
ACS Format 
Select 

Telemetry Processor No. 1 Control - Select ACS 
Format. 

i 

When loading a probe ooast timer, a 
Bus format that does net contain sub- 
com C should be selected until the 
loading has been accomplished. !>»:.» 
wP! prevent any Interference between 
1 J>e Subcorr. C read envelope and the 
loading process which would result In 
a mtsloaded register. 


M* 
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TABLE 4. 2. 2-2 (Continued) 


STEP # 

& START 
TIME 

; 

COMMAND 

MNEMONIC 

COMMAND OR ACTION 

REMARKS & VERIFICATION 

TELEMETRY 

MNEMONIC 

REMARKS S. TM DATA 

“5T 

fLPR- 

5H30M) 


Prepare Large Probe for Release; Transfer to 



Large Probe Battery. Load and Initiate Coast 
Timer; 

© 

LPPX9 OR 
LPPA9 

Large Probe Internal Power ON. 

PLBR1S 

Large Probe Internal Power Relay 1 
ON/OFF = 1 (ON). 

PLBR2S 

Large Probe Internal Power Relay 2 
ON/OFF = 1 (ON). 

PLBATT 

Large Probe Battery Temperature 
rises and stabilizes as a 
result of battery being steadily dis- 
charged. 


LCTQ1 OR 
LCTQA 

Coast Timer Set (Time Delay as Required). 




TPCQ1 

Telemetry Processor No. 1 Control - Bus Eng 
Format Select. 


To verify a coast time that has been 
loaded Into a coast timer, a Bus for- 
mat that contains subcom C must be 
selected. Within subcom C, the LP 
coast timer value Is located In words 
5 & 6 and SP's 1,2, & 3 are located 
In words 21 & 22, 37 & 38 and 53 & 5^ 
respectively. In each case, the first 
word contains the eight 'east signifi- 
cant bits and the Becond «ord contain! 
the eight most significant bits. If the 
change to select the format containing 
subcom C should happen to occur 
exactly between the two coast timer 
readout words, such as between word 
5 & 6, the contents of those two worth 
(Continued) 
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TABLE 4. 2-2 (Continued) 


STEP * 

L START 
TIME 

COMMAND 

MNEMONIC 

r ( .' ■ : * : i j (/a AC', ;o: 

REMARKS '1 VEklHCATiO: 

TEMME7RY I 1 

remarks l tm dat~ 

MNEMONIC j 

t ■ - 

© 

(Cohfa) 




j 

will be interchanged, i.e. , the first 
word will contain the eight mo®t sig- 
nificant bits and the second word will 
contain the eight least significant bits. 
The contents of the remaining three 
coast timer readouts will be correct. 
To alleviate the situation, it will be 
necessary to command out of the for- 
mat and reload the coast timer. 

CLTIMC 

Large Probe Coast Time Verification 
- Telemetered as commanded. 

— 

© 

LCT19 OR 
LCTA9 

Start Coast Timer. 

CLTIMC 

Large Probe Coast Time Verification 
- Indicates Countdown, 

© 


Switch to Aft Omni; IncreaBe Bit Rate, if possible. 


• Assumes 16 bps is sustainable 
via Aft Omni and impending 
Large Probe Release Attitude, 


© 


Repeat Step (5B) , then Return Here. 


i 

k 

© 

TPCQ1; 
Bit Rate = 
If bps 

Telemetry Processor 1 Control (Select 16 bps) 


Momentary Iosb of bit s>nc, them j 

WORD 3 



Bit Rate Selection * 16 bps. < 

_ 



Precess to large Probe Release Attitude 

r 

; 



• Perform the appropriate detailed precession 
sequence In Section 4.3.1 (Maneuvers), except 
load the number of pulses requln»d for this 
precession magnitude. and the angle delay 
magnitude corresponding to that uniquely 
required for this precession. 


• A 44° Nominal precession. j 

Ref: M8, M9 and Mil. 1 

i 

i 

I 

l 
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TABLE 4. 2. 2-2 (Continued) 


STEP # 

L START 
TIME 

COMMAND 

MNEMONIC 

C > !?.L‘.ND OP. ACTION 

U .MARKS L VERIFICATION 

1 LIT MLM Li' 
:.a ;.mo: ic: 

REMARKS L TM DATA 

JbL 


Attitude Determination and Attitude Trim (It 
Required). 



© 


• Perform Attitude Determination per .Section 
4.3.2 for the stars visible at this point in 
mission. 


• This is performed to Insure 
Large Probe release attitude is 
sufficiently accurate. (Ref* Ml 
- Within +2. 5° of desired 
attitude). 

© 


Attitude Trim (If Required) 

• If a refinement in attitude is required, per- 
form the appropriate detailed precession 
sequence in Section 4.3. 1 (Maneuvers). 



(22) 

(L>Tt- 

2R15M) 


Spin Rate Trim (If Required) 

• If ATTM telemetry Indicates a need to trim 
the spin rate, perform the appropriate 
detailed spin maneuver sequence In Section 
4.3.1 (Maneuvers). 

ATTM1Z OR 
ATTM2Z 

(SRR to SRR) should be a spin 
period corresponding to a spin rate 
of 15 40.15 rpm (Ref; Ml). 

nr 

®s 


Prepare Large Probe for Release; Separate IFD’s, 
and Release Large Probe. 



© 

LPR=I5M, 
minimum 65 

ORD13 

Arm I^rge Probe IFD and BNMS B/O Hat 



* OKD14 

Fire Large Probe iFD 



14Sec be- 
tween 1st 
Arm 4i Fire 
Commands 

ORDA4 

Fire Large Probe IFD 



1 ; 
1 

t 


IFD Separation Is Indicated by all 
Large Probe TM to the Bus changing 
suddenly to full-scale values. 
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TABLE 4. 2. 2-2 (Continued) 


.... 

COMMAND 

MNEMONIC 

COMMAND OR ACTION 

REMARKS L VERIFICATION 

STEP # 

L START 
TIME 

TELEMETRY 

MNEMONIC 

REMARKS fr TM DATA 




PLBATT 

Large Probe Battery TempA ^ 

SLA FIT 

f Change 

Large Probe Aft Shelf /suddenly 

Temp 1 [ to 

SLFW1T 

Large Probe Fwd Shelf 1 gj^j^ 

Tem P 1 Values. 

CLTIMC 

Large Probe Coast Time 
Verification 

ORD10 

Disarm PCD 1. 



ORDA* 

Disarm PCU 1 



(L^O) 
Minimum 
6 Secs; 
Maximum 
14 sees, 
between 1 si 
Arm t 
Fire 

Commands 

ORDU 

Arm Large Probe Separation 



0RD12 

Large Probe Separation 


• May cause detectable transient 
In Downlink Signature. 

ORDA2 

Large Probe Separation 


• May cause detectable transient 
In Downlink Signature. 

SLRELS 

Large Probe Stowed/ Released Status 
changes to Released (*0). 
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TABLE 4. 2. 2-3 

REFERENCES FOR TIMELINE AND COMMAND SEQUENCES 
OF SECTIONS 4. 2. 2 AND 4. 2 # 3 # 


J REFERENCE 
j IDENTIFIER 

i 

Ml 

M2 

M3 

M4 

M5 

M6 

M7 

M8 

M9 

M10 

Mil 

M12 

M13 

M14 


Paragraph 2.2.2 of Reference 1.5.20 
View Graph 1.4.16 of Reference 1.5.5 
View Graph 1.19.4-1 of Reference 1.5.5 

Multiprobe Mission Sequence - HAC Memo No. HS507/1679 - 
Hartenstein - Dated 4 November 1974. 

Paragraph 2.1 of Reference 1.5.3. 

Table 2. 5. 2-1 (Page 2-65) of Reference 1.5.3 

Page 2.49 and Table 2.4. 1-1 of Reference 1.5.3 

Table 2. 3. 2-1 (Page 2-48) of Reference 1.5.3 

Figure 2.2.1-21 of Reference 1.5.3 

Page 4-9 of Reference 1.5.13 

Figures 2.2.1-23, 6.3.12-4, 6.3.12-5, 6.3.13-2 and 6.3.13-3 of 
Reference 1.5.3. 

Paragraph 2.2.1 of Reference 1.5.20. 

AVO from R. Fehr of HAC, dated 6/13/77. 

Multiprobe TTM Review, February 24, 1977, and Lee Hennis 
of HAC. 
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TABLE 4. 2, 3-1 

POST-L. P. SEPARATION THROUGH S. P. SEPARATION TIMELINE OF EVENTS 


START 

TIME 

MULTIPROBE I MISSION PHASE | L 
MISSION EVENT 

REMARKS | 




nrver t d ornAD atthm t 1 udoi rr'u c d 


LPR+15Mln. 
(LPR* 
Large Probe 

Release 

Event) 

* U& I Iv 9 r | mJu! /i A/i 1 lUii 1 ilJvU Uljjtl 5 # * # 


Reorient for Small Probes targeting; Switch to Horn. 

• A48.4 0 Precession - Ref: M8, 

LPR+35Mln. 

Return to Single Transmitter 

• Ref; M7 

e Earth 1 . o.s. ~ 18° w.r.t. S/C -Z axis permits 
Increase In bit rate even at low 8/C Xmtr power. 

LPR+50Mln. 

Batteries to HI Charge Rate 

• Par R. Daniel of HAC clr^a 6/12/77 

E-23D 

2H30M 

Splnup to 48.5 rpm (Nominal) 

• To produce lateral AV of 5. 08M/See for Small 
Probes at their release - Ref: M12, 

E-23D 2H 

Attitude Determination 6 Attitude Trim (If Required) 


E-23D 1H 

Retarget for Small Probes 

c Nominal AV of 5. 1 M/Sec - Ret'; MS It M8. 
• Allows 3 days of tracking prior to Probes 1 
release. 

E-23D 

Attitude and Orbit Determination 


E-20D 14H 
SSPR-14H 
(where SPR - 
3P Release 
Event) 

1 

AV Trim. 

1 
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TABLE 4 . 2. 3-1. (Continued) 


START MTJLTIPRCBE I MISSION PHASE | & 

TIME MISSION EVENT 

SPR-13H Load Command Memory for last S.P. Checkout; 

Last S.P. Checkout (Each Sequentially), & stable os cilia - 
tors turn OFF. 

SPR-9H Prepare Small Probes; transfer to Probes’ batteries & 

30M load S. P. coast times. 


SP M H 

S. P. Coast Timers Initiation. 

SPR-7H 

Precess to Intermediate Attitude. 

SPR-3H 

Precess to S. P. Release Attitude 

SPR-2H4 5M 

Attitude Determination & Attitude Trim (If Required) 

SPR-2H 

Spin Pate Trim (If Required) 

SrR-30M 

Prepare for S.P. Release 

3PP-15M 

Arm S.P. & Separate IFD's. 

SPR * 0 

Release Small Probes 

(E-20D) 

! 



REMARKS 


• S. P. /Bus bit rates are nominally 64/8 

• This is the termination of the twenty-five days 
stable oscillators "bakeout" period. 


• Allows star sensor to cool while the S/C batter- 
ies remain ina charging or aero discharging state. 
(Sun look angle is nominally 28°). 


• To attain attitude within +2,5° of desired 
attitude - Ref: Ml. 


To attain spin rate of 48.5 +0.4 rpm 
Ref: Ml & M4. 


• Switch to S/C Xmtr Hi Pwr & 128 bps (nominal) 


Orig. Issue Date 
Revision Ho. 
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TABLE 4. 2,3-2 

P06T-L.P. SEPARATION THROUGH S. P. SEPARATION DETAILED SEQUENCE 


STEP# 

ii(START 

TIME) 

COMMAND 

MNEMONIC 

COMMAND OR ACTION 

REMARKS L VERIFICATION 

TELEMETRY 

MNEMONIC 

REMARKS L TM DATA 



• Initial conditions are a« shown In the appro- 
priate columns of Table 2, 3.1-1 {Multiprobe 
Nominal Equipment Configurations During the 
Mission). Essentially, it consists of: 64M. 
DSN in use. Aft Omni in use for downlink, 
transmitter Hi Power, S/C In L.P. Release 
Attitude and Spin Rate at 15 rpm. 



o 

(L PR-15 M) 


Reorient for Small Probes Targeting 






• Perform the appropriate detailed precession 
sequence in Section 4.3.1 (Maneuvers), except 
load the number of pulses required for this 
precession magnitude and the angle ^lay mag- 
nitude corresponding to that uniquely required 
for this precession. * 


• * A48° precession (Ref: M8. ) 

© 

(LPR+35M) 


Switch to Horn for Transmission 






• Perform step(6)of Table 4. 2. <5-2, then 
return here. 



" © 
(LPR+50M) 


Batteries to Hi Charge Rate 



L . . . 



* Perform step (S) of Table 4. 2. 2-2, then 
return here. 
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fo TABLE 4 . 2*3-2 (Continued) 


STEP # 
fc (START 
TIME) 

COMMAND 

MNEMONIC 

COMMAND OR ACTION 

REMARKS fc VERIFICATION' 

TELEMETRY 

MNEMONIC 

REMARKS l TM DATA 

Q 

(E-aDSH 

SOM) 


Sptxup to 48. 5 RPM (Nominal) 





• Perform the appropriate detailed sptnup 
sequence In Section 4.3. 1 (Maneuvers) 



© 

(E-BIHH 

30M) 


Attitude Determination and Attitude Trim (If 
Required) 



© 


• Perform attitude determination per section 
4.3. 2 for the stars visible at this point in the 
mission. 



@ 


• If a refinement in attitude is required, per- 
form the appropriate detailed precession 
sequence In Section 4. 3. 1 (Maneuvers). 


• Attitude required to be within 
+2. 5° of desired attitude. 

Ref: Ml. 

© 

(E-T&D1R) 


Retarget for Small Probes 





• Perform the appropriate detailed AV sequence 
In Sec ’on 4.3.1 (Maneuvers). 


, 

• Nominal AV of 5. 1 M/sec. j 

Ref: M5 and M8. ( 

• Allows three days of tracking , 

prior to Probes' release. j 

© 

(E^WD) 


Attitude and Orbit Determination 


-| 

i 

i 



0 Perform attitude determination per Section 
4.3.2. 

• Perform a trajectory determination per the 
Standard Tracking Procedure. 


i 

) 

• 

i 
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TABLE 4. 2. 3-2 (Continued) 


STEP # 
fc (START 
TIME) 

COMMAND 

MNEMONIC 

COMMAND OR ACTION 

REMARKS & VERIFICATION 

TELEMETRY 

MNEMONIC 

REMARKS & TM DATA 

© 

E-20D 14H 
(tf PR-14H 
where SPR 
©Smell 
Probee 
Relate* 
Erect * 
E-20D) 


AV Trim (If Required) 





• Repeat 9tep(6)for vernier correction, if 
Required. 



0 

(SPR-13H) 


Load Commend Memory For Lent Small Probes' 



Checkout 



• Perform step (n) of Table 4. 2.2-2, except: 

(1) Load commands unique to small probes 
checkout. 

(2) The capacity of one command memory 
may be Insufficient. The second 
command memory may hare to be 
linked to operate sequentially after the 
contents of the first command memory 
have been executed. Refer to section 
3,6.3 for further information. 

(3) After loading the memories, return 
here 


• Checkout power is already ON 
at start of checkout sequence, 
in order to support S. P. stable 
oscillators operation (stable 
oscillators should have been ON 
continuously since E-45 days 
for an intended ^“i-day "bake- 
out" period). 

• Stable oscillatprs & checkout 
power should be turned OFF at 
end of checkout sequence. 
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TABLE 4. 2. 3-2 (Continued) 


STEP + 
l*(START 
TIME) 

COMMAND 

mnemonic 

COMMAND OR ACTION 

% 

REMARKS & VERIFICATION 

TELEMETRY 

MNEMONIC 

RE Iv LARKS & TM DATA 

J® 

(SPR-12H 

15M) 


Verity Command Memory (IES) Contents Before 



Execution: 



• Perform Step of Table 4. 2. 2-2, then 

return here. 



© 

(SPR-12H) 


Last Small Probes' Checkout 


• Checkout the Small Probes 
sequentially. 

© 


• Perform Step (l3) of Table 4. 2. 2-2, then 
return here. 


• Includes turn OFF of eta ble oacil 
iatorK II checkout power at the 
end of the checkout seauence. 

|j| 


After all Small Probee’ subcarriers have been 
turned OFF, Increase Bus Bit Rate to highest 
supportable level: 




TPCQ1 
Bit Rate * 64 

Telemetry Processor 1 Control (Select 64 bps). 


• Assumes 64 bps is highest 
supportable via Horn, Low 
Transmitter Power, and 
remainder of link budget. 

© 

(SPIT^H 

SOM) 


Prepare Small Probes for Release; Transfer to 



Small Probes Batteries, Load and Initiate Coast 

Timer: 

H ."{f.. 

1 1 

■ I 

TPCQ1 

Telemetry Processor No. 1 Control - ACS Format 
Select. 


When loading a probe coast timer, a 
Bus format that does net contain sub- 
com C should be selected until the 
loading has been accomplished. This 
will prevent any Interference between 
the subcom C read envelope and Ihe 
loading process which would result In 
a mlslo&ded register. 
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TABLE 4. 2, 3-2 (Continued) 


jr 


NJ 


STEP # 

COMMAND 

MNEMONIC 


REMARKS & VERIFICATION 

4 (START 
TIME) 

COMMAND OR ACTION 

TELEMETRY 

MNEMONIC 

REMARKS It TM DATA 

0 

SPP19 OH 
SPPA9 

Small Probe 1 Internal Power ON. 

PI PR1S 

SP 1 Internal Power Relay 1 ON/ 
OFF * 1 (ON). 




P1PR2S 

SP 1 Internal Power Relay 2 ON/ 
OF* ^ 1 (ON). 




P1BATT 

Small Probe 1 Battery Temperature 

rises and stabilizes as a 

result of battery being discharged. 

© 

SPP29 OR 
SPPB9 

Small Probe 2 Internal Power ON. 

P2PR1S 

SP 2 Internal Power Relay 1 ON/ 
OFF * 1 (ON). 




P2PR2S 

SP 2 Internal Power Relay 2 ON/ 
OFF - 1 (ON). 




P2BATT 

SP 2 Battery Temperature rise 
and stabilizes ae a result 
of battery being discharged. 

© 

SPP39 OR 
SPPC9 

Small Probe 3 Internal Power ON. 

P3PR1S 

SP 3 Internal Power Relay 1 ON/ 
OFF ■ 1 (ON). 

1 « a 




P3PR2S 

SP 3 Internal Power Relay 2 ON/ 
OFF - 1 (ON). 




P3BATT 

SP 3 Battery Temperature rises 
and stabilizes as a result 
of battery being discharged. 

© 

1 

SCTQ1 OR 
SCTQA 

SP 1 Const Timer Set (Time Delay as required). 
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• TABLE 4. 2. 3-2 (C ontinued) 

K> 


STEP# 

4 (START 
TIME) 

COMMAND 

MNEMONIC 

COMMAND OR ACTION 

REMARKS it VERIFICATION 

TELEMETRY 

MNEMONIC 

REMARKS 4 TM DATA 

© 

SC'\}2 OR 
SCTQB 

1 

SP 2 Coast Timer Set fTime Delay as required) 



© 

SCTQ3 OR 
SCTQC 

SP 3 Coast Timer Set (Time Delay as required) 



(3 

TPCQ1 

1 

1 

t 

Telemetry Processor No. 1 Control - Bus 
Eng. Format Select. 


To verify a coast time that has been 
loaded into a coast timer, a Bus 
format that aontalns subcom C must 
be selected. Within subcom C, the 
I P Coast Timer value la located In 
words 21 * 22, 37 L 38 and 53 1 54, 
respectively, fn each case, the first 
word contains the eight least signifi- 
cant bits and the second word contain 
the eight moat significant bits. U the 
change to select the format contain- 
ing subcam C should happen to occur 
exactly between the two coast timer 
readout words, such as between 
words 5 t 6, the contents of those 
two words will be Interchanged, 1. e. , 
the first word will contain the eight 
most significant bits and the secood 
word will contain thp eight least sig- 
nificant bits. The contents of the 
remaining three coast timer readouts 
will be correct to alleviate the situa- 
tion It will be necessary to command 
out of the format and reload the coast 
timer. 

C1TIMC 

SP 1 Coast Timer Verification - 
Telemetered as commanded. 
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TABLE 4 2 3-2 (Continued) 



K) 


I 

O 

u> 


A 


1 REMARKS^, VERIFICATION 


1 

TELEM"EtR Y 
MNEMONIC 

REMARKS t* I M DA I A 


C2T1MC 

SP 2 Coast Timer Verification 
- Telemetered as commanded 

C3TIMC 

'7SD10) 

SP 3 Coast Timer Verification 
- Telemeter* d as commanded 


CITIMC 

• SP 1 Coait Timer Verifi- 

cation - indicates count- 
down. 


C?TIMC 

• SP 2 Coast Timer Verifi- 

cation - indicates count- 
down 


C3TIMC 

{7SD10> 

* SP 3 Coast Timer Verifi- 

cation - indicates count- 
down 




1 

• No’ unal A 40 ° preces- 
sion to a sun look angle of 
28° and \n earth iook angle 
of 30°. 

• Allows star sensor to cool 
while the S' C bati*r*es 
remain in a charging or 
iero discharging state 




“ 


• Nominal A 18 ° preces- 
sion to a sun look angle ot 
17° and an earth look angle 
of 31°. 

• Batteries are in a dis- 
charging state 
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TABLE 4. 2 3-2 (Continued) 


STEP # 

Sc (START 
TIME) 

COMMAND 

MNEMONIC 

— T 

REMARKS Sc VERIFICATION | 

COMMAND OR ACTION 

TELEMETF Y 
MNEMONIC 

REMARKS &t TM DATA 

ip) 


Attitude Determination and Attituce Trim (If 
Required) 



-0- 


— 

• Perform Attitude Determina ion per 

Section 4. 3.2 for the Stars visible at this 
point in the mission 





• a a refinement'in' attitude is required, 

perform the appropriate detailed preces- 
sion sequence in Section 4. 3. 1 (Maneuverr). 


• Attitude required to he 

within +2. 5° of desired 
attitude. 

Ref: Ml. 



Spin Rat" Trim (If Required) 


• To attain spin rate of 48 b 

+ 0 4 rpm - Ref; M 1 



• # If A1TM Telemetry indicates a need to 

trim the spin rate, perform the appropriate 
detailed spin maneuver sequence in Section 
4 3. 1 (Maneuvers) 

ATTM1Z OR 
ATTM2Z " 

(SRR to SRR) should be a spin j 

period corresponding to a spin 
rate cf 48. b +0. 4 rpm. Ref: Ml. 



Prepare for Small Probes Release; 





Load the desired Small Probes' Roll Release 
Angle. 


• Prelaunch tests have indica- 

ted that the conservative 
time delays between (appli- 
cation of e^ctrical power to 
the Release Squibs) and (the 
instant that a Small Probe is 
no longer influenced by the 
rotational motion of the Bus) 
are: 

SP-1 (Dummy): 8.6 msec. 

5 P-2 : 9. 2 msec. 

SP-3 : 10.7 msec. 

The actual release delay times 
may be as much as S milli- 
seconds less. J 
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TABLE 4. 2. 3-2 (Continued) 


STEP 0 

Sc (START 
TIME) 

COMMAND 

MNEMONIC 

COMMAND OR ACTION 

REMARKS fc VERIFICATION | 

TELEMETRY 

MNEMONIC 

REMARKS it TM DATA 

0 

ATQdfc (for 
ADP 1 Only* 

ADP Configure - Roll Index Delay Magnitude 
(Addreus No. 5) (Magnitude = Aa Required). 

AR1PAD 

Roll Index Delay Magnitude « 
Commanded Value. 

ATTM1Z OR 
ATTM2Z 

(SKR to RIP): Step function change 
to commanded value (angle n 
degrees) divided by «y> late. 

0 

— 

• Switch to Spacecraft High Power via Horn per 
Step no>l of Table 4. 2. 2-2, then return 
here. 



© 


• Increase TM bit rate to highest available level 
(assumed to be 128 bps for nominal link budgets 




TPCQ1, 
Bit Rate = 
128 bps 

Telemetry Processor 1 Control (Select 128 bps) 


Momentary loss at bit sync, then: 

WORD 3 

Bit Rate Selection * 128 bps. 

© 

(S°R- 1 3K$ 

i 

iAnn Small Probes. Separate JFD’s and Release 
Small Probes: 

i 
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REMARKS & VERIFICATION 1 

TELEMETRY 

MNEMONIC 

REMARKS y TM DATA 







1 

I 

j 


IFD Separation is Indicated by all 
telemetry fram a probe to the Bus 
changing suddenly to full-scale values 

P1BATT 

Small Probe 1 Battery \ 1 

Temperature | change to 

S1AF1T 

Small Probe 1 Aft Shelf / 

_ f values 

Temperate re 1 ( 

SiFWIT 

Small Probe i Fwd f !F J^ 

Shell Temp 2 l Separation. 

C1TIMC 

Small Probe 1 Coast ft 

Timer Verification* J 
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TABLE 4. 2. 3-2 (Continued) 


COMMAND 


:o:.:ma:;d ca action* 


KTT.IARKS L VERIFICATION 

TVT r C': LT I Y 

:.Vnl;.:on:c ki^iarks & tm data 


(CotTo) 


Small Probe 2 Battery | Sudden 
Temperature 1 change to 

— — I Bull-scale 

Small Probe 2 Aft Shelf r values 
Temperature 1 \ Indicates 

/ SP2 IFD 

Small Probe 2 Fwd l Separation. 
Shelf Temperature 2 1 


! Disarm PCT* 2. 


Disarm PCC 2. 


Small Probe 2 Coast 
Timer Verification. 


Small Probe 3 Battery \ Sudden 
Temperature | change to 

- • - — I Full-scale 

Small Probe 3 Aft Shelf / values 
Temperature 1 ( indicates 

■ \ SP3 IFD 

Small Probe 3 Fwd ( Separation. 
Shelf Temperature 1 l 


C3TIMC 


Small Probe 3 Coast 
Timer Verification. 


(spir^ 0) 
Min. 6 sec. 
t Max.14 
sec. be- 
tween 1st 
Arm & Fire 


Arm Small Probe Separation. 


A DP 1 Small Probe Release 


May cause detectable transient in 
Downlink Signature. 
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TABLE 4. 2 , 4-1 

Bt S TARGETING SEQUENCE OF EVENTS 


RELA""VE TIME 

COMMAND 

MNEMONIC 

COMMAND TITLE OR EVENT 

TELEMETRY VERIFICATION 

TLM MNEMONIC 

TLM TITLE j 

E-20 Days 


Small Probe Release (see Section 
4.2.3) 



E-20 Days 


Post SP Release Cruise (see Section 
4. 2. 4. 2) 



E-18 Days 
(T = 0) 


Begin Bus Targeting Mission Segment: 



AMP39 or 
AMPC9 

Power Amplifier 3 ON/4 OFF 

RAMP3W 

(Radiating via Aft Omni) RF Power Output 
3-10 Watts 

PBl'SLI 

S/C loads current increases a nominal 
1.20 amps 

PLIMTI 

Bus voltage limiter current decreases a 
nominal 1.20 amps 

AM PI 2 or 
AMPA2 

Amplifier 2 Ix»w Po we r/ Amplifier 1 
High Power Select 

RAM PIS 

Amp 1/2 to Hi/Lo Power Status - 1 (1 to 
HI) (HI Power radiating via aft omni). 

Mnm or 
MIHA1 

Bus High Mod Index Select 


DSN Receive Parameter 


Lock-Lp DSN 64 -m Station 


DSN Receive Parameter 


Perform Attitude Determination (see 
Section 4. 3. 2 ) 




Determine Precession Parameters 
(see Section 4. 2, 4. 4) 
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TABI.E 4. 2. 4-1 (Continued) 
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RELATIVE TIME 

COMMAND 

MNEMONIC 

COMMAND TITLE OR EVENT 

TELEMETRY VERIFICATION 

TLM MNEMONIC 

TLM TITLE 

T + 2 Hours 


Execute Precession to Bus Targeting 
Attitude (see Section 4. 3, 1. 1) 




Perform Attitude Determination (see 
Section 4.3. 2) 



T + 6 Hours 


Attitude Trim Maneuver (Optional) 
(see Section 4.3. 1.3) 




Perform Continuous AV Targeting 
Maneuver (see Section 4. 3.1.2) 




Execute Precession to Horn Attitude 
(See Section 4. 3. 1. 1) 




Perform Attitude Determination (see 
Section 4.3, 2) 



ANT12 or 
ANTA2 

Low Power to Aft Omni /High Power to 
Fwd Omni or Horn Select 

RANT IS 

Hi/Lo Power to Fwd or Horn/ Aft Omni 
Status = 1 (HI power to horn) 

T + 8 Hours 


Return to DSN 2G ~m Station 


DSN Receive Parameters 

E - 17 Days 

! 

i 

i 


Return Batteries to Low Charge Rate: 



BAT10 or 
BATA0 

Battery 1 Relay 1 Low Rate Charge 

PBAT1S 

Battery 1 Relay 1 Status = 0 (low charge) 

BAT14 or 
BATA4 

Battery 1 Relay 2 Low Rate Charge 

PBCR1S 

PCHG1I 

Battery 1 Relay 2 Status = 0. Battery 1 
Charge Current is nominally 1 50 ma. 

BAT20 or 
BATB0 

Battery 2 Relay 1 Low Rate Charge 

PBAT2S 

Battery 2 Relay 1 Status = 0 (low charge) 
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TABLE 4. 2. 4- 1 (Continued) 


RELATIVE TIME 

COMMAND 

MNEMONIC 

COMMAND TITLE OR EVENT 

E-l? Days 

BAT24 or 

Battery 2 Relay 2 Low Rate Charge 

(Continued) 

EATB4 







Cru e to E-8 Days (See Section 
4. 2. 4. 5) 

E - 8 Days 


Perform Attitude Determination (See 
Section 4.3.2) 



Perform Targeting Touch up (Optional) 
(See Section 4. 3. 1. 2) 



Perform Precession to Bus Entry 
Attitude (See Section 4. 3. 1. 1) 



Perform Attitude Determination (See 
vSectlon 4. 3. 2) 



Perform Attitude Trim (Optional) (See 
Section 4.3. 1.3) 



Begin Cruise to E - 2 Days (See 
Section 4. 2. 4, 6) 

E - 2 Days 


Perform Despin to 9.45 +0. 1 rprr. (See 
Section 4.3. 1.3) 


Perform Attitude Determination (See 
Section 4. 3, 2) 


TELEMETRY VERIFICATION 


TLM MNEMONIC 

TLM TITLE 

PBCR2S 

PCHG2I 

Battery 2 Relay 2 Status * 0. 

Battery 2 Charge Current le Nominally 

1 50 ma. 

PLIMTI 

Bus voltage limiter current Increases 
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TABLE 4. 2. 4-1 (Continued) 


t .v 


NJ 

K> 


RELATIVE TIME 


COMMAND 

MNEMONIC 


COMMAND TITLE OR EVENT 


E - 2 Days 
(Continued) 


Perform Attitude Trim (Optional) 
(See Section 4. 3. 1. 3) 


Begin Bus Entry Mission Segment 
(See Section 4.2. 5) 
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TELEMETRY VERIFICATION 

TLM MNEMONIC 

TLM TITLE 
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Revision 


TABLE 4. 2.4-2 

BIS SUBSYSTEM OPERATIONAL CON FIGURATION 




MISSION PHASE 




SUBSYSTEM/! NIT 

POST-SMALL PROBE RELEASE 
(Section 4242 ) 

CHANGES FROM POST-SMALL PROBE RELEASE CON FIGl RATION 



TARGETING 
ATTITUDE 
(Section 4. 2, 4. 4) 

CRUISE TO 
E-8 DAYS 
(Section 4. 2. 4. 3) 

E-8 DAYS TO 
E-2 DAYS 
(Section 4. 2. 4. 6) 

FINAL DESPIN 
E-2 DAYS 
(Section 4.2. 4.7) 

COMMUNICATIONS 






Transponders 

• Exciter 1 ON/2 OFF 


_ 




• Restore Coherent Mode (ON) 

- 


_ 

_ 


• Bus Low Mod Index Select 

HI Mod Index 

Hi Mod Index 

HI Mod Index 

HI Mod Index 


e Probes Mod Index Select 
(don't care) 

■ 

■ 

- 


Power Amplifiers 

e Power Amp 1 ON 

Amps 1 ft 3 ON 

Amp* 1 ft 3 ON 

Ampa 1 ft 3 ON 

Amps 1 ft 3 ON 


e Power Amps 2, 3, 4 OFF 

Ampa 2 ft 4 OFF 

Amps 2 ft 4 OFF 

Amp* 2 ft 4 OFF 

Ampa 2 ft 4 OFF 

Switch Driver* 

• Exciter 1 Select 



_ 

_ 


• Power Amp 3 Select 

- 


_ 

_ 


• Medium Gain Horn Antenna 
Select 

* 

* 

- 

- 


• Amp 1 Low Power Select 

Amp ? Low Pwr 
Select 

Amp 2 Low Pwr 
Select 

Amp 1 Low Pwr 
Select 

Amp 2 Low Pwr 
Select 


• High Power to Aft Omnl/Iow 
Power to Forward Omni or 
Horn Select 


High Power to 
Horn 

High Power to 
Horn 

High Power to 
Horn 


• Receiver* Normal Select (via 
command processor configure 
command) 





COMMAND 






Command Processors 

• Command Processors 14 2 
ON (both memories In "OFF” 
state) 

- 

- 

- 

- 

COM* 

• All Six (6) COM* ON 

- 

- 

- 

- 

PCI* 

• PCl’a Disarmed. 

- 

- 

- 

- 

CONTROLS 



i 



Star Sensor 

• PSI- ON 


| 

! 



• PSI2* OFF 

PS|2* ON 

_ 

; 

. 


• PSf Sensor Gain ft Bandwidth 
(As Required) 

- 

- 

- 

- 

Attitude Data 

• ADP 1 ON 

- 

. 

_ 


Processor* 

• ADP 2 OFF 

- 

_ 

_ 



• SRH to SRR 

- 

. 

_ 

_ 


• SRR to PSI2 

- 

- 

_ 

- 


• All Jeta Disabled 

- 

_ 

_ 

. 


• Spin Rate Detector Enabled 

- 

- 




• SRR Advance Disabled 

- 

- 

_ 

_ 


• Sun Gate Enabled 

- 

. 


_ 


• Star Acquisition to Normal 

- 

- 

_ 

_ 


a Selected SRR - Am 

- 

- 


_ 


a Sun Seneor Select (extended 
Range-Upper) 

a PLL I.oaa of Lock Enable 




; 


• PLL $>in Range Select 32 to 
70. 8 rpm. 

- 

- 

- 

8. 0 to 17. 7 rpm 


• PLL ^>ln Period Mag Equiv- 
alent to 48. 5 rpm. 

* 

- 

- 

8. 45 rpm 


• JCE Buffer Output Disabled 
a Other Parameters (don’t care) 
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TABLE 4. t. 4-1 (Cn 'wil) 




MISSION PHASE 


1 

SVBSYSTEM/VKIT 

POST-SMALL PROBE RELEASE 

CHANCES FROM POST-S.4A1.L PROBE RELEASE CONFlOVRATlON 



TARGETING 
ATTITL’DE 
(Section 4. 2.4.4) 

CRUSE TO 
E-S DAYS 
(Section 4.2. 4. 5) 

E-S DAYS TO 
E-t DAYS 
(Section 4. 2. 4. 6) 

FINAL DKSPtN 
E-2 DAYS 
(Section 4. 2. 4. 7) 

PROPULSION/TH ERMAl 






Heaters 

• All Jet Hesters ON, except Fwd 
Axial Jet Hester OFF 

- 

* 

- 

t 1 

.1 


• Primary Tank/Line Heaters 
Select 

~ 


* 

. 


• All Probe Heaters OFF 

- 

- 

- 

• 

DATA HANDLING 






Telemetry Processor 

s Telemetry Processor 1 ON/2 OFF 

- 

- 

- 

- 


• Bus Engineering Format 

ACS Forms*. 

- 

- 

ACS Format 


• 128 Blts/Sec 

64 to 256 Bps 

128 Bps 

256 Bps 

256 Bps 


• Data ON 

- 

- 

- 

- 


• Convolution Encoding ON 

- 

- 

' 

- 

PCM Encoder 

• PCM Encoder 1 ON/2 OFF 

- 

- 

- 

- 

DIM 

• All Eight (8) DIMS ON 

- 

' 

- 


POWER 

| 





Bus limiters 

• All Five (51 Bus limiters Enabled 

- 

- 

- 

* 

Charge /Discharge 
Controller 

* High Rate Charge Select (both 
relay t - both batteries) 

- 

lx>w Kate Chg. 
select 

low Hate Chg. 
Select 

Low Rate Chg. 
Select 

! 

• Primary Discharge Reg. Select 
(Both Batteries) 


* 



t'V/OL Control 

• power System Protection ON 

- 

- 

- 

- 

SCIENTIFIC INSTRV- 

• All Science OFF 

. 

- 

- 

- 

MENTS ! 




1 


OTHER 

s Probe Checkout Vowrr OFF 

- 

- 

- 

- 


• Large Probe Internal Power OFF 

- 

- 

- 

- 


s Small Probe I Internal I>ower 
OFF 

* 

* 

“ 

‘ 


• Small Probe 2 Internal Power 
OFF 

* 


• 

' 


• Small Probe 3 Internal Power 
OFF 
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TABLE 4. 2. 5-1 


BUS ENTRY SEQUENCE OF EVENTS 


RELATIVE TIME 

COMMAND 

COMMAND TITLE OR EVENT 

TELEMETRY VERIFICATION 

MNEMONIC 

TLM MNEMONIC 

TLM TITLE 

E-49 Roan 


Complete Final Despiln Maneuver 
(See Section 4. 2. 4* 7). 





Transfer to DFN 64 Meter ground 
station (If not already transferred). 


Lookup of uplink and downlink at 64-meter 
ground station. 



Perform Attitude and Spin Rate 
Determinations (See Section 4.3.2) 



E-47 Hoars 


Perform Attitude and Spin Rate Trim 
Maneuvers (If Necessary). (See 
Sections 4. 3. 1.1 and 4.3. 1.3). 



C-46 Hoan 


Determine precise occurrence of next 
4066 scoood clock transition after E- 
44 Hours. Resolve in Universal Time 
UT relative to time of Bus entry. 

DCLOK1 

DCLOK2 

DCLOK3 

Spacecraft dock (24 bits): Calculate near- 
est multiple of 4096 seconds. (MSB of 
DCLOK2 if 4096 second dock bit). 



Load and verify Bus Entry sequence as 
shown In Figure 4.2.5. (See Section 
3. 6.3.2). 





START STORED BUS ENTRY 
SEQUENCEt 



*E-44 Poors -t 0 

CPCQ1 

Command Processor 1 Configure 
(Timed start) 

CMEM1C 

CTOG1S 

Verified at next transition of 4096 second 
el""* b!t from , T M to "0." Command mem- 

Am aAtvas m TMlIvitRPR will (nftfWnMl fjRif 

v 118 ^ 

i 

CPCQA 

Command Prooenaor 2 Configure 
(Timed Start) 

1 

CMEM2C 

CLOG2S 

UiJ HBUTRIV pWOKCiB WUI ISVimflH VDPf 

and SCL state will change from "TIMED 
START 1" (* 0101) to "RUN" (- 1100). 



-on co^rfiaa 
•)«q •nssj *6 jjo 



TABLE 4.2. 5-1 (Co ntlnued) 


K> 

I 


RELATIVE TIME 


COMMAND 

MNEMONIC 


COMMAND TITLE OR EVENT 


^E-4S Boars* 
to E-40 Hours. 


Scientific Instrument Commands to 
ooflAgure BNMS for calibration gas 
sequence; TBD by NASA/ARC. 


H 


ORDE2 OR 
ORDB2 


Arm SP IFD tod BNMS Cal Gas Pyro. 


H 


H 


h 


♦ IS aeoonda 


ORD34 OR 
ORDB4 


Fire BNMS Cal Gas Pyro. 


+ 24 Seconds 


4 M Seconds 


OftOff OR 
ORDA3 


ORD16 


Arm Large Probe IFD and BNMS B/O 
Hat. 


Fire BNMS B/O Hat Prtaarr 




4 it Seconds 


ORD13 OR Arm Large Probe IFD and BNMS B/O 
ORDAS Hat. 


S 


♦ 1 Mlxaxte 


OR D1C 


Fire BNMS B/O Hat Secondary 


tj 4 l Minute 
12 Seoonda 


E-40 Hours 
to 

E-10 Boar* 


OR Pit OR 
ORDAA 


Dlaarm PCV 1 




Scientific Instrument Commands to 
oooAgure BNMS and BIMS for entry; 
TBD by NASA/ARC. 


Telemetry Processor 1 Control 
(select 1024 bps and ACS or Boa 
engineering formats) 

Alternate attitude k encrc. data Mjrec r 


E-40 Hours 
to 

E-10 Bourn 


TPCQ1 



Suction Mo 
















u-r* 


TABLE 4. 2. 5-1 (Continued) 



COMMAND 

MNEMONIC 

COMMAND TITLE OR EVENT 

TELEMETRY VERIFICATION 

IZUttVZTIlfK 

TLM MNEMONIC | 

TLM TITLE 

*E-1Q Hour* 

TPCQ1 

Telemetry Processor 1 Control 
(Select 1024 bp* and Bus entry 
format). 

Observed change In format status (word 3) 
of every minor frame. 



Begin oonttnoous sowtoriflc of Bus 
downline until Vannp after Bus entry 
(E-0). 


E-4 Hour* 

STORED 
COMMANDS 
• -SCP1 
** -8CP2 

1 BACKUP SPACECRAFT CONTI GUR- 
ATION STORED COMMAND 
SEOUENCE /BEGINS AUTOMATI- 
CALLT&: 




TLM1I* 
TLMAf •* 

Telemetry Processor 1 ON/2 OFF 
Telemetry Processor 1 ON/2 CFF 

| DTLM1S 

TM Processor 1 ON/2 OFF 


TPCQ1* 

TPCQ1** 

Telemetry Procesuor 1 Control 
(Select 1024 bpa/Bus entry format) 


Observed change Informat status (word 3) 
of eve , minor frame. 


AMP1I* 

Power Amplifier 1 ON/2 OFF 
Power Amplifier 1 ON/2 OFF 

1 RAM PIT 

Power Amo 1 Temo <a0°r to 104 °F) 


AMPAt" 

| RAMP1W 

RF Power Output 1 - 10 WatU 


A M PH* 

Power Amplifier 2 ON/4 OFF 
Power Amplifier 3 ON/4 OFF 

1 RAMP3T 

Power Amo 2 Team (78°F to 8«°F| 


AMPCt" 

( RAMP3W 

RF Power Outynt 3 * 10 Watts 


ANT21* 

ANTBI** 

Medium Gain Horn Aateun* **elect 
Medium Gain Horn ‘rtenoa Select 

| RANT2S 

Horn/ Forward Omni Switch Position - 1 
(Horn). 

i 

! 

1 

ANT12* 

1 

ANTA2** 

Low Power to Aft Omot/Hlgh Power 
to Forward Onud or Horn Select 
Low Power to Aft Omnl/Hlgh Power 
to Forward Omni or Horn Saleot 

| RaK*^ 

High/Low Power to Forward or Hora/Aft 
Omni Status - 1 (High Power to Bin). 

I 


»OD« 
MO • 

4 h o o 

M«fl • ft 

m • h* 
h* as O 
O HO O 
» II • 

« « 
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TABLE 4. 2. 5-1 

(Continued) 




RELATIVE TIME 

COMMAND 

CC 1MAND TITLE O" JVENT 

TELEMETRY VERIFICATION 

MNEMONIC 

— 
TLM MNEMONIC 

TLM TITLE 

E-4 Hours 

AMP31* 

Amplifier 3 Select 

| RAMP3S 

Amplifier 3/4 Switch Position = 1 (#3 

(Continued) 

AMPC1** 

Amplifier 3 Select 

Selected). 


AMP12* 

AMPA2-* 

Amplifier 2 Low Power/ Amplifier 1 
High Power Select 
Amplifier 2 Low Power/Ampllfler 1 
High Power Select 

|rampis 

Amplifier 1/2 o High/ Low Power Status * 
1 (#1 to High Power). 


EXC11* 

EXCA1** 

* Exciter 1 Select 
Exciter 1 Select 

| RXCTRS 

Exciter 1/2 Switch Position = 1 (#1 
Selected). 


EXC19* 

Exciter 1 ON/2 OFF 

|rxctis 

Exciter 1 ON/OFF * 1 (#1 ON). 


FXCA9** 

Exciter 1 ON/2 OFF 



COM19* 

Restore Coherent Mode 

. | RCOH1S 

Exciter 1 Inhibit/Restore Coherent Mode 


COHA9** 

Restore Coherent Mode 

Status = 0 (Restore). 


MIH11* 

Bus High Mod Index Select 


DSN Receive Parameters Indicate High 


MIHA1** 

Bus High Mod Index Select 


Mod Index in use. 


PCM19* 

PCM Encoder 1 ON/2 OFF 

| DPCM1S 

PCM Encoder 1 ON/ 'OFF = 1 (ON). 


PCMA9** 

PCM Encoder 1 ON/2 OFF 


E-4 Hours 

• 1 

Scientific Instrument Commands TBD 

• ) 

Telemetry verification of ’’TBD" 

to 

. 

at times TBD by NASA/ARC. 

• 

Commands. 

Bus Entry 
(E-0) 

. 1 

All commands sent In redundant pairs 
from SC PI and SCP2, 




W 
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orig- Issue Date 
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TABLE 4. 2. 5-2 

BUS SUBSYSTEM ENTRY CONFIGURATION 


Revision 


SUBSYSTEM/UNIT 

OPERATIONAL CONFIGURATION 

COMMUNICATIONS 



Transponders 

• 

Exciter 1 ON/2 OFF 


• 

Restore Coherent Mode (ON) 


• 

Bus High Mod Index Select 


• 

Probes Mod Index (don’t care) 

Power Amplifiers 

• 

Power Amps 1 and 3 ON 


• 

Power Amps 2 and 4 OFF 

Switch Drivers 

• 

Exciter 1 Select 


• 

Power Amp 3 Select 


• 

Medium Gain Horn Antenna Select 


0 

Low Power to Aft Omni/High Power to 



Forward Omni or Horn Select 


0 

Receivers Normal Select (via command 



processor configure command) 


0 

Amp 2 Low Power/ Amp 1 High Power Select 

COMMAND 



Command Processors 

0 

Command Processors 1 and 2 ON (both 



memories In "RUN 1 ' state) 

COMs 

0 

All six (6) COMs ON 

^CUs 

0 

PCUs Disarmed 

CONTROLS 



Star Sensor 

0 

PSI* ON 


0 

PSI2* OFF 


0 

PSI* Sensor Gain and Bandwidth (As Req'd) 

Attitude Data Processors 

0 

ADP 1 ON 


0 

ADP 2 OFF 


0 

SRR to SRR 


0 

SRR to PSI 2 


0 

All Jets Disabled 


0 

Spin Rate Detector Enabled 


0 

SRR Advance Disabled 


0 

Sun Gate Enables 


0 

Star Acquisition to Normal 


0 

Selected SRR * Sun 
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„ . . TABLE 4. 2. 5-2 (Continued) 

Revision 


SUBSYSTEM/UNIT 


OPERATIONAL CONFIGURATION 

CONTROLS (Continued) 



Attitude Data Processors 

• 

Sun Sensor Select (extended range-upper) 

(Cont’d) 

• 

PLL Loss of Lock Enable 



PLL Spin Range Select 8. 0 to 17. 7 rpm 


• 

PLL Spin Period Mag Equivalent to 9. 45 rpm 


• 

JCE Buffer Output Disabled 


• 

RIP Delay for BNMS Selected 


• 

Other Parameters (don't care) 

DATA HANDLING 



Telemetry Processor 

• 

Telemetry Processor 1 ON/2 OFF 


• 

Bus Entry Format 


• 

1024 Blts/Seo 


• 

Data ON 


• 

Convolutional Encoding ON 

PCM Encoder 

• 

PCM Encoder 1 ON/2 OFF 

DIM 

• 

All Eight (8) DIMS ON 

SCIENTIFIC INSTRUMENTS 

• 

All Science ON (configuration modes as 
specified by NASA/ARC) 

POWER 



Bus Limiters 

• 

All Five (5) Bus Limiters Enabled 

Charge/Discharge 

• 

Low Rate Charge Select (both relays - both 

Controller 


batteries) 


• 

Primaiy Discharge Reg Select (both 
batteries) 

UV/OL Control 

• 

Power System Protection ON 


• 

Pre-Charge OFF 

OTHER 

• 

Probe Checkout Power OFF 


• 

Large Probe Internal Power OFF 


• 

Small Probe 1 Internal Power OFF 


• 

Small Probe 2 Internal Power OFF 


• 

Small Probe 3 Internal Power OFF 

PROPULSION/THERMAL 



Heaters 

• 

All Jet Heaters ON. except Forward Axial 
Jet Heater OFF 


• 

Primary Tank/Line Heaters Select 


• 

All Probe Heaters OFF 


I 


V’V . 



. ) 
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FIGURE 4.2.2 1. SMALL PROBE 1 (SN 003) STABLE OSCILLATOR TURNON CHARACTERISTIC ("COLD START") 
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SP2 STABLE OSCILLATOR CURRENT CONSUMPTION ImA) 
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FIGURE 4.2.2 2. SMALL PROBE 2 (SN002) STABLE OSCILLATOR TURNON CHARACTERISTIC ( "COLO START"! 
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FIGURE 4.2.24. SPARE (SN004) STABLE OSCILLATOR TURNON CHARACTERISTIC ("COLD START") 
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FIGURE 4 2 2 b SMALL PR08ES STABLE OSCILLATORS INDIVIDUAL STEADY STATE CURRENT 
CONSUMPTION VS TEMPERATURE 



FIGURE 4 2 2 6 SMALL PROBES STABLE OSCILLATORS TOTAL STEADY STATE CURRENT 
CONSUMPTION VS TEMPERATURE 


M -2-Bfa 












Section No. 4 .2.5 

Doc. No. PC-403 

Orig. Issue Date 5/22/7B 
Revision No. 

Revision 
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CELESTIAL LONGITUDE, DEGREES 
(ENTRY FPA - «°l 


FIGURE 4.2.4 3-2. BUS TARGETING AV DIRECTION 
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LAUNCH DATE, 1978 
(ENTRY FPA - -9«) 

FIGURE 4.2 4.3-3. BUS TARGETING AV MAGNITUDE 
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CELESTIAL LONGITUDE, DEGREES 

ARRIVE ON • DECEMBER 1979 

FIGURE 4.2.4.61 . SPACECRAFT ATTITUDE AT BUS ENTRY 
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ARRIVE ON 12 OECEME£R 1»7» 

FIGURE 4.2 4.6 2. o»»ACECRAFT ATTITUDE AT BUS ENTRY 
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TD 1 - TIME DELAY EQUIVALENT TO Tl IW : BETWEEN E-4 HOURS AND NEAREST 4096-SECOND 

CLOCK TRANSITION AFTER E-44 H« URS WITH COMMAND PROCESSOR 1 CLOCK STABILITY 
BIAS INCORPORATED. 

TD 5 - SAME AS TD 1 EXCEPT WITH COMMAND PROCESSOR 2 CLOCK STABILITY BImS INCORPORATED. 

COMMAND PROCESSOR ACCURACY STABILITY; DETE RM INE D FOR EACH COMMAND 
PROCESSOR DURING INTERPLANET ;^Y CRUISE, PREFERABLY IN LAST 20 DAYS OF CRUSE. 
EACH COMMAND PROCESSOR'S CLOCK TIMING IS CALIBRATED AGAINST REAL TIME ON 
GROUND. CALIBRATION IS EFFECTED BY STORING AN EXACT 40.0 HOUR TIME DELAY CODE 
FOLLOWED IMMEDIATELY BY AN RF MODULATION INDEX CHANGE COMMAND, AND 
MEASURING THE TIME BETWEEN START OF THE MEMORY AND THE OBSERVED CHANGE 
IN DOWNLINK MODULATION INDEX. 


FIGURE 4. 2.5-1. BUS ENTRY COMMAND MEMORY UTILIZATION SEQUENCE 
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